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METHODS OF DYNAMO* 
CONTROL 


T here are many methods of regulating the dynamo Toltage. 

A mecha>]iica;l governor "was used on some of the early types of 
dynamos, but is now obsolete. 

The third-brush method of operation is now very largely used and 
serves to regulate the output at high speed. The theory and principle 
of the third-brash method of operation is explained later. 

Electromagnetic regulation has also been used to provide constant 
current or constant voltage, and combined voltage and current regulation 
has also been adopted. 

Compensated voltage control is the latest development of all where a 
plain shunt-wound dynamo is used with an electromagnetic regulator. 
The foregoing covers the main principles of dynamo regulation. 

Modifications of the Third-brush Machine 

There are further modifications, particularly ou the third-hrush type of 
machine, where we have third-brush regulation associated with : 

{a) Thermostat 
control. 

[b) Manually con- 
trolled field 
resistance. 

(c) Lam p - 1 0 ad 
controL 

(d) External vol- 
tage regula- 
tion. 


Dynamo Regulation 

The standard auto- 
mobile dynamo is 
shunt-wound, as illus- 
trated in Fig. 1. 

In certain cases compound windings are used, as illustrated in Fig. 2. 
If the shunt and series windings of the compound machine are wound in 
the same direction, they have the usual cumulative effect, and if wound in 

M.B.O. IV. — 1 1 




Fi(j. ]. — The staistdard Fig. 2. — Automobixb 

SIIUNT-AVOUND AXJIOMO- EYlSrAMO WITH COM- 
HILE DYNAMO TOUKD WINDINGS 
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opposite directions they oppose each other, producing the well-known 
‘ ' differential ’ ’ effect. 

Djnamotors or motor generators incorporate a compound winding 
which consists of a series field winding and a shunt field winding, which 
are wound in opposite directions on the field poles. 

When used as a motor the two windings have the cumulative effect 
of magnetising the field poles, and when used as a dynamo they hare the 
differential effect. 

Why the Dynamo Output must be Regulated 

The dynamo most used in practice is the shunt -wound machine where, 
as is known, the e.m.f. is dependent upon the number of lines of force cut 
by' the armature conductors, the number of conductors and the speed at 
which the armature reYolves, or the rate of speed at which the conductors 
cut the lines of force. An increase of d57namp speed will, therefore, pro- 
duce an increase of Yoltage and for this reason the plain shunt -wound 
machine used for car lighting would, at high engine speeds, deYelop such a 
Yoltage as would cause the lamps to burn out and too high a charging rate 
to he passed to the battery. 

Methods of Limiting Dynamo Output 

It is, therefore, essential to proYide some means of preventing the 
dynamo increasing its output aboYe a normal limit. To achieve this 
object various methods are available which can briefly be summarised as 
•follows : 

( 1) Regulation of the voltage by maintaining a constant voltage from 
the dynamo with a variable current. 

(2) Regulation of the current by maintaining a constant current with a 
variable voltage. 

(3) Regulation of both voltage and current. 

In considering the various methods it is as well to have these funda- 
mental issues well in mind. 

It will be appreciated that the number of magnetic lines of force and 
the speed at which they are cut by a given number of armature conductors 
governs both the voltage and the current, and conditions which affect one 
equally affect the other. In practice, however, certain types of machines 
are designed with means which decrease the lines of force in proportion to 
the voltage produced by the dynamo, and in other cases a decrease is 
obtained through the current produced by the dynamo , and in the third 
case both hy current and voltage. 

DYNAMO REGULATION METHODS 

To maintain either a constant voltage or a constant current, or both, 
several methods are available, comprising : 



METHODS OF DYNAMO YOLTAGE CONTROL [voL. iy.] 3 


1. Mechanical Hand Control 

In this case the operation is 
similar to that used with an in- 
dustrial shunt-wound dTnamo, 
a shunt field resistance being 
■ manually operated in order to 
obtain constant Yoltage output. 
This method is obriously not 
practicable for use on the 
motor-car. 

2. Mechanical Automatic 
Control 

Several forms of automatic 
•control have been devised, 
operating upon the principle 
of a centrifugal governor clutch. 
Such methods are, however, 
now obsolete and need not, 
therefore, he descrihed. 



3. — Showing the electromagnetic 

METHOD OF DYNAMO REGULATION 



Fig, 4. — Showing comrened yoltage 

CURRENT RBGLIATION IN A SINGLE ELECTRO- 
MAGNETIC 


3. Electromagnetic Method 

In this case a resistance is inserted 
in the shunt field circuit automatically by 
means of an electromagnetic device used 
exterior to the dynamo. A very con- 
siderable number of different designs of 
electro-magnetic controls have been 
developed. The basic principle of the 
method is iUustrated in Fig. 3. This 'w- — Showing electromagnet 

shows the dynamo with its shunt field 
(F), a resistance unit (r), and two contact 

points (a and b) securely held together by a spring (S) and electromagnet 
(H) . The field circuit is from the dynamo positive terminal through the 
hinge (C), the contact-breaker points, the field coil to the dynamo nega- 
tive terminal. 



When the Dynamo Speed Increases 

As the dynamo speed increases the voltage will tend to rise. Since 
the electromagnet (.K) is connected across the dynamo terminals, this 
rise of voltage will be sufficient to energise the core ajnd cause the points 
(a and b) to separate. This automatically inserts in the field circuit 
the resistance unit (r). The resistance immediately causes the field to 
weaken and will reduce the voltage. 

This reduction of voltage will he applied to the electromagnet (B), 
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which will be weakened sufficiently to allow the spring to draw the points 
(a and b) together again. The resistance unit (r), now cut out of the 
circuit, permits the dynamo voltage again to increase, thus energising the 
resistance unit (r), opening the contact points (a and b), again inserting 
the resistance unit (r) , which wih once more reduce the voltage output. 

A Similarity to the Tirrill Regulator Principle 

This rapid sequence of operations causes the controller contact 
breaker points to vibrate ; in short, the principle is generally similar to 
the Tirrill regulating principle, which is considerably used in service on 
large industrial applications. 

Voltage-regulation Control — 

The factor which determines the opening of the points (a and b) is 
the dynamo voltage. The regulator is usually set to operate at 15-16 
volts in the case of a 12-volt system and 7J-8 volts with a 6-volt system. 
Adjustments can he obtained hy altering the tension of the spring (/?). 
When the tension of this spring is increased, the dynamo voltage is 
raised, and vice versa. 

When the car speed is less than the cutting-in speed, say 8-10 miles 
per hour, the voltage of the dynamo will be less than the battery voltage 
and the electromagnet will be insufficiently strong to hold the points 
(a and b) apart. At this point the cut-out will have opened, the dynamo 
wih have been disconnected from the battery, and the ignition and any 
lighting load will have been supplied by the battery direct. 

Since the operating conditions in the foregoing example are governed 
entirely by the dynamo voltage, this method of control is voltage regula- 
tion. 

— and Current-regulation Control 

It wih obviously be possible to use the same basic principle to cover 
current regulation. In this case the shunt winding on the electromagnet 
is replaced by a series winding, so that all the charging current to the 
battery will flow through the electromagnet. 

The operation will be similar to the voltage regulator previously 
described, the characteristic of the system, however, being to keep the 
charging current constant independent of the state of the battery, the 
regulator being designed to operate on a given load. With such a system 
the removal of the battery would immediately put the regulator out of 
action, and if the dynamo were driven at a high speed with the battery 
removed from the car its voltage would increase to an extent sufficient to 
burn out the fleld coil unless a field fuse is fitted. 

Combination of Current- and Voltage-regulation Control 

It is possible to combine voltage and current regulation in a single 
electromagnetic unit, as illustrated in Tig. 4. In this case the core of the 
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electromagDet has two windings, 
one slmnted across the d 3 mamo 
terminals and the other in series 
with the battery, both windiags 
being in the same direction on the 
core. 

In the case of a B-'^olt system, 
when the yoltage of the dynamo 
reaches about 6 J volts the curreiLt 
passing through the shunt winding 
magnetises the core snficientlY to ^ ^ 

dr w the blade of the cut-out fiq. 5 ^ b^jt with a combined vodtage 
against the spring tension, thus hes-xjxatob 

closing the cut-out points. The 

charging current then passes through the series winding and the cut-out 
points to the battery. If the voltage or the current increases above 
normal, the re^lator contacts (on the. left of the core) are opened, in- 
serting the resistance in the field circuit, reducing the d 3 niamo voltage 
in the same way as previously described. 

It will be observed that in this case the regulator and automatic cut- 
out are incorporated in one unit. 

Since with this system the coil in series with the battery takes a part 
in the regulation, removal of the hattery from the car may damage the 
dynamo unless the battery cables are joined together when the battery 
is removed. 



COMPENSATED VOLTAGE- CONTROL SYSTEM 

A^ reference to Fig. 6 will show an electromagnet with a shunt 
winding and dual contacts. The operation will normally be as 
previously described, but an additional contact (c) is fitted which 
short-circuits the field entirely in the event of very fast speed 
which causes an exceptionally high voltage. 


Preventing Ex- 
ceptionally High 
Voltages 

When ever 
there is a tend- 
ency for an ex- 
ceptionally high 
voltage to be 
developed the 
strength of the 
magnetic core 
will be sufficient 



Fig . 7. — Showing speciaxiv designed EBGtJEA.TOE. 

This regulator does not incorporate an automatic cut-out and 
acts as an output regulator only. 
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to pull the contact blade right over, 
making contact between (b) and (o), thus 
short-circuiting the field, resulting in a 
collapse of the voltage which will cause 
the contact (b) to return immediately 
to contact (a), the machine then building 
up its voltage again, the same sequence 
of operations being followed as already 
described. 

Fig. 6 shows the same arrangement, 
but with a combined voltage and current 
regulator where the additional contact 
is added. 

An Interesting Design of Regulator 

An interesting design of regulator 
is illustrated in Fig. 7. In this case 
the internal blade is provided with an 
electromagnet which moves longitud- 
inally through the core. This regulator 
does not incorporate an automatic cut- 
out, and acts as an output regulator 
only. Contacts [a and b) are on the left and the compensating contact 
is on the right. 

In this case the total battery current is not taken through the regula- 
tor, a proportion only being taken through a shunt. The value of the 
shunt can he changed at will to obtain any required characteristic. If the 
shunt has a low resistance value in comparison with the series coil, a small 
amount of current will flow through the coil, and vice versa. 

The incorporation of the shunt makes it possible to remove a battery 
without fear of serious trouble. 

Useful Purpose of Series Coil 

The shunt coil is the main factor in determining the operation. The 
series coil protects the machine from overload if the battery is badly run 
down. 

Adjustment of this type to a regulator is obtained by varying the pres- 
sure of the spring and of the compensated contact. 

THIRD-BRUSH REGULATION 

The third "brush method of regulating the current output of car lighting 
dynamos has been very considerably used. Although to some extent 
superseded by the compensated voltage control dynamo , as described in 
the preceding paragraphs, there is a very considerable number of cars 
fitted with dynamos of the third -brush type. 



Fig. 8. — Diagram of a typicax 

raiBD -BRUSH DYNAMO 
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The Principle of Third-brush Regulation 

The regulation of output in the case of a third -brush dynamo is based 
upon the armatui© reaction or held flux distortion. 

A typical third -brush dynamo is illustrated in Kg. 8. The dynamo 
is fitted with positive and negative main brushes, but in addition a third 
brush is also fitted which, in the case of the dynamo illustrated, is on the 
left of the main negative brush. This third brush becomes the negative 
terminal of the field system, the other end of the field being connected to 
the dynamo positive terminal through a field fuse. 

Under conditions of low-speed operation the armature current will be 
small. The field fiux will take an almost direct path from the north to the 
south field pole. The current-carrying conductors under this condition 
will be in the main those conductors which are situated between the main 
positive brush and the third brush. As speed increases the armature flux 
will be distorted in the direction of rotation and the effect of this distortion 
is to weaken the flux between the positive main brush and the third brush, 
this weakening of field density being accompanied hy a corresponding fall 
of voltage. 

Thus, the normal tendency for the increased armature speed to pro- 
duce increased voltage is compensated by the weakening of the field, 
which tends to decrease the voltage. 

In actual practice third-brush dynamos are designed so that at low 
speeds the effect of armature reaction is less than at increased speeds. 
When the car is first started the charging rate will increase with the 
increase of speed until a certain r.p.m. has been reached ; after this the 
current output remains approximately constant up to a further given 
speed. When this speed limit is reached the effect of armature reaction 
is greater than the effect of increasing speed, with the result that further 
speed increases result in an actual decrease of charging rate. 

Typical Example of Third-brush Dynamo 

A typical example of a third-brush dynamo at various speeds is as 
follows : 

2 amps, at 500 r.p.m. 

7 amps, at 750 r.p.m. 

» 10 amps, at 1,000 r.p.m. 

12 amps, at 1,500 r.p.m. 

11 amps, at 1,800 r.p.m. 

10 amps, at 2,000 r.p.m. 

8 amps, at 2,300 r.p.m. 

It will he seen from this example that third -brush regulation is not so 
sensitive as regulation by electromagnetic means. The latter type of 
regulation can be designed to keep the voltage and current regulation 
within strict values. The third-brush dynamo, however, has the merit of 
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HEAVY WIMOINO 
(CUftR^T coil) 


FINE WlNDlNO 

(voltage: coil) 

1 - _ CU’T OOI 

I ^^ELAY 



.THERMOSTAT 


POINTS 

WITH 
CONTACTS 
CLOSED FIELD 
CuAftEr^T PASSES 
ThUOOCH 
6 LA 0 E 

WITH 

DNTACTS OPEN 
MElO CUftaCNT 
PASSES 

RESISTANCE 

UNIT 


OF A DYNAMO 
a:HBIlMOSTAT 


The thermostat is moimted at the commutator end 
of the dynamo and enables the third -brush to be adjusted 
to a higher charging rate. 


simplicity and it lias 
proved itself in service 
to be a very satis- 
factory metKod. 

Adjusting the Output 
of Third-brush Dyna- 
mos 

rh.e output of tMrd- 
hrusli dynamos can be 
adjusted by alteration 
of the third brush on 
the commutator. To 
increase the output the 
brush should be moved 
in the direction of 
rotation. To decrease 
the output the move- 
ment should be in the 
opposite direction. 

It wM have been 
noted that the third- 
hrush dynamo regulates 


the ewrent output, since it is the value of charging current flowing through 
the armature winding -which produces the distortion of the field for regula- 
tion . It is important, therefore, to ensure that the charging circuit should 
not be open-circuited hy the removal of the battery and the dynamo 
operated under this condition, since in these circumstances the machine 
would huild up a high and possibly dangerous voltage. Whenever the 
battery is disconnected either the field fuse should be removed or the main 
dynamo terminal should be earthed. Most third “brush dynamos are 
fitted with a field fuse. 

With third -brush regulation there is a tendency for the charging rate 
to increase as the hattery becomes fully charged. This is due to the rise in 
the battery back e.m.f., this rise causing an increased dynamo voltage 
which causes a corresponding increase in the current in the field coils . 


rhermostat Control 

A thermostat is frequently used in addition to the third brush. The 
use of a thermostat enables the third brush to be adjusted to a higher 
charging rate than if no thermostat were fitted, thus permitting a heavier 
charge to the hattery on initial starting. The unit acts as a protective 
device as well as an output regulator and prevents overcharging of the 
dynamo. 

Tig. 9 illustrates a dynamo fitted with a thermostat mounted at the 
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commutator end of 
tke dynamo, vkere 
it is affected by the 
internal heat of 

the machine. 

The thermostat 
consists of a resist- 
ance unit and a 
set of contact 
points. The lower 
contact point is 

mounted on a bi- 

metal strip. At a 
certain pre-deter- 
mined temperature 
the thermostat 
blade will warp, 
and at a ffiTen in- — ^Volta^gb lEGiixAroE crRcinr (used third -betjsh 

^ ® ' ttpb) as fitted to CaneivaoiET cjlRS 

ternal temperature 

the contact points will automatically open, thus inserting the resistance 
into the field circuit, which will decrease the charging rate . With the contact 
points closed the full current wil pass through the thermostat blade. 
With the contact points open the full current will pass through the 
resistance unit. These resistance units vary in size, depending upon the 
design and the characteristics of the d3?iiamo. 

The contact points thus open when the current output is heavy and 
serve to decrease this output hy approximately 40 per cent. The contact 
points return to their normal position immediately the temperature of the 
dynamo becomes normal. The thermostat unit is entirely automatic in 
action and requires no special attention in service other than occasional 
cleaning of the contacts. 

Condition of Contacts 

The condition of the contacts on the thermostat is of particular 
importance with this type of machine. If they become dirty or pitted, 
it will result in a low voltage and low output, a late cut-in, and an under- 
charged battery. 

Although a hurnt-out or open-circuited resistance will give a correct 
charge at low speeds, erratic conditions will be experienced at medium 
speeds because of the failure of the field thermostat to operate 
correctly. 

If the resistance increases by a partial open-circuit, it will result in 
low voltage and output and no charging of the battery, 

Conversely, in the event of the resistance increasing there would be a 
high voltage and output . 


VOLTAGE REGUIATOR 




10 [VOL. IV.I ELECTRICAL AUD ACCESSORY EQUIPMINT 
Rapid Test for Controller Fault 

A rapid test for controller fault is to remove tke battery lead, wliilst 
engine is at a low-fair speed, and place it on the next cell, thus reducing a 
six-cell battery to a five-cell. The output should immediately increase. 
This gives a fair idea of the controller’s action. 

Manually Controlled Resistances 

Certain designs of dynamo have a resistance unit, fitted inside the 
dynamo at the commutator end, which can be manually operated and 
inserted in the field circuit of the dynamo in order to decrease the maxi- 
mum current output when required. 

Such a dynamo when associated with third-hrush current regulation 
gives both high and low outputs and a wide range of output adjustments. 
It is particularly applicable to vehicles which are operated almost entirely 
in. the daytime, when very little charging current is required. 

In eases where a vehicle is driven for any appreciable periods at night 
with the normal lamp load, the full capacity of the dynamo can then be 
obtained. In the same way the design is suitable for adjusting the output 
to a low value for summer running and a high value for winter 
running. 

Lamp-load Control 

Certain developments have been made in the provision of a special 
type of dynamo for commercial-vehicle work. In this case normal 
charging rate is obtained during daytime operation when no lamps are 
used. When the fights are switched on, the crurent used for lighting is 
passed through an additional set of fi.eld coils on the dynamo, the output 
itself being proportionately increased under night -driving conditions . 



SELF-STARTER OVERHAUL 

W HEN a car is brought into a garage with a» faulty self-starter, 
certain tests should be made before removing the starter from the 
engine. 

Open Circuit or Defective Battery 

If tbe starter refuses to move at all, an open circuit in the starter or 
starter wiring is indicated, or possibly a flat or defective battery. This 
ean be easily checked by switching on the lights ; if the lights appear 
bright as normal, press the starter switch and observe whether this has 
any eflfect on the lights. If they do not dim slightly, then there is no 
circuit through the starter. A defective battery can also be checked by 
taking a reading of the speciflc gravity. If it is below M75, the battery 
is discharged and should be recharged. A continuation of the “ lights ’’ 
test is if the lights return to normal immediately, it is something outside 
the battery itself. If the lights remain dim or slow in coming up, the 
battery is flab— perhaps through a faulty starter. 

Battery Connections 

Nest check the battery earth connection at the chassis, and clean and 
tighten if necessary. Check the battery terminals and make sure they 
are not corroded. 

Starter-motor Switch 

If no fault is found in the battery or the wiring to tbe starter motor , 
remove the 
starter -motor 
switch and 
examine the 
contacts . 
which should 
he clean and 
not corroded- 
The switch 
can be tested 
by means of a 
low-reading 
voltmeter 
having a maxi- 
mum reading 
of 3 volts, 

11 



Fi(/. L— Starter motor beady fob dismantling 
Showing retaining holts idmoved. 

( By courtesy of Messrs. Shaw ch Kilburn.) 
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•wMcli should be 
placed across tbe 
switch terminals, 
at the same time 
pressing the switch 
to the on ’’ posi- 
tion. If a read- 
ing of J volt or 
more shows on the 
meter, the switch 
should be removed 
and its internal 
contacts examined 
and cleaned or 
renewed. If the 
meter is connected 
across the switch 
before it is oper- 
ated, there will he 
the full voltage im- 
posed on its move- 
ment, which will 
damage the meter, 
so care is needed to 
see that the switch 
is operated before 
connecting the 
meter, and also to remove the meter before the switch is released. 

The same test can be applied to all the connections and the reading 
taken when the switch is pressed. 


Fig, 2. — Examinatioit or bbush gear 
Showing method of holding up retaining spring. 
{By courtesy of Messrs, Shaw & Kilhurn.) 


Jammed Pinion 

It is worth considering at this stage the possibility of a jammed pinion. 
The failure of the pinion to engage with the flywheel can be caused by too 
much oil on the screwed sleeve, as this oil will pick up dust and grit from 
the road, causing the pinion to stick to the sleeve. A jammed pinion 
may be caused by a discharged battery which, whilst being strong enough 
to allow of the engaging of the pinion, is too weak to turn the flywheel, 
with the result that the pinion cannot he thrown out. 

To free a jammed pinion, the engine should be put into gear and the 
car rocked, or if the starter is provided with a square on the armature 
shaft, the shaft can be turned by means of a spanner, which will cause 
the pinion to be forced along the screwed sleeve and out of engage- 
ment. 




Fig. 4. — ^Tee aema-tubb rbsioved 

Sho'wing also tlie bendix pinion and spring. {By courtesy of Messrs. Shaw <b Kilh'um.) 


Mg. 3."— Eemothtg the feom ohe starter motor 

{By courtesy of Messrs. Shaw (& Kilburn.) 

Brush Gear 

If the starter motor still does not start after maldng the above tests, 
it must be removed from the car. Pirst examine the brush gear ; either 
the brushes may be sticking up in the brush holders or worn down so badly 
that the spring tension has become insuffieient. An indication of had 
brush contact is a badly burnt commutator. Should the brushes and 
commutator appear in order, an internal disconnection or break in the 
internal cireuit of the starter must be looked for, and the starter motor 
should he completely dismantled. 
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S. — Testing field coil foe oootinxjoxjs ciEOTnr 

MEA2TS OF a:BST LAMP 


testing a Startet 
Motor 

TKe internal 
circuits of a 
starter motor can 
be tested eitker 
by using a test 
lamp or by 
the Yolt-drop 
method. 

Field Coils— Test- 
lamp Method 

To test tb© 
field coils for con- 
tinuous circuit, 
place the test- 
prod leads on the 
field- coil leads as 
shomi in Kg. 5. 
If the test lamp 



Hg . 6. — Testing pibld coed ior earth 




SELF-STAHrER OVERHAUL 
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Mg. 7. — 'Testiitg ajn abma-tube fob eaeth 


liglits, the field coils are coatinuous, but iftbe test lamp does not light, 
there is an open circuit in one or both of the field coils. Each indiTidual 
coil should be tested for equal resistance. 

To test the field coil for earth, place one test-prod lead on the frame, 
and the other to the field-coil lead, as shown in Fig. 6 . If the test lamp 
does not light, the field coils are O.K., but if the test lamp lights, one or 
both field coils are earthed. 

To test a single field coil for earth, break the soldered connection 
between the two field coils and test each one separately, replacing the 
field coil that is earthed. 

Field-coil leads should he examined at the point where they are 
soldered at the starting-switch terminal, to be sure that they are tight. 

Field Coils — Volt-drop Method 

The field coils can be tested by the volt -drop method by using a 12-volt 
battery. Tiie leads from the battery with a |-ohm resistance in series 
are apphed to the two ends of the field system. By connecting a volt- 
meter across each coil, a similar reading should be obtained from each 
one, hut if a lower reading is obtained across one coil it will indicate a short 


Fig. 8. — TBSTING ah’ AltMATTniE BOB SBCOBr-CIECTTIT 

in that coil, or if one end of the field is connected to earthy it will also 
indicate an earth fault in that coil. 

Another method of testing coils is hy means of a 
6-volt battery, a resistance and a 6-volt lamp, connected 
hi series. The resistance should be of a suitable value 
^ lamp. Connect ‘each field in series in turn ; if 

"^hey are in order, 

I! Ii’ Y ^ "" should dim 

■rii! '■;'■] r ” equally still more. 


). — rBSTING nfSUXACTlD BBUSH HOXDEB FOB EABTH 


Armature Testing— 
Test-lamp Method 

The armature 
can be tested for 
earth by placing 
one test prod on the 
armature and the 
other on the com- 
mutator, as shown 
in Fig. 7. If the 
test lamp lights, tlfQt' 
armature is earthed 
and sliould be 
replaced. 
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If the test lam]p does not 
light, the armature is 
O.K. 


Armature Testing — 

Volt-drop Method 

To volt -drop test 
a.n armature, a large 
12 -volt starter battery 
is connected to two 
points on the commu- 
tator situated at 90° 
apart for a four -pole 
motor and 180° for a 
tivo -pole motor. In one 
of the battery leads a 
-^-ohm resistance 
capable of carrying 24 
amps without overheat- 
ing is inserted, and hy 
connecting a low-read- 
ing milli -voltmeter 
across each pair of 
segments in between 
the battery leads, the same reading should show at each position. A 
loose connection at the commutator will show up as a higher reading on 
^he milli-voltmeter, and the remedy is to resolder the coimection. 

It is seldom for a short-circuit to develop in the armature unless it has 
been dropped, hecause there is generally only one turn per slot, hut if a 
very low reading is obtained across a pair of segments the winding should 
be examined and any short in the winding will be easily seen, and when 
found, the shorting copper strips can be bent away from each other. If 
a short is not found in the winding then, the commutator should he care- 
fully examined for any signs of copper bridging the two segments. 



Fi^. 10 . — ^HOW A. TOEQTJE TEST Or A. STARTER, MOT OE IS 
MADE 

The starter motor is clamped rigid and the torque ann. 
attached to the starter pinion as shown. On applying 
current to the starter, the reading of the spring-balance is 
noted. The arm can be used on the right-hand side of 
the bench for anti- clockwise rotation. 


Another Test for Short-circuit 

Place the armature on a Growler, and with, a saw blade over the arma- 
ture core rotate the armature and test (5ee Eig. 8). If the saw blade 
does not ^ribiate, the armature is O.K., tut if the saw hlade vibrates, the 
armature is short-circuited. 


Inspecting Commutator 

The commutator should he carefully examined for signs of roughness. 
If it is rough, turn down on a lathe until it is thoroughly cleaned up, and 

m:.r.o. if . — 2 
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sand off with. 00 sandpaper. The micas hetween the copper segments 
should then be undercut. 

Brush'holdei Test 

. To test the insulated brush holder for earth place one prod of the 
testing set on the cover and the other on the brush holder. If the test 
lamp lights, the brush holder is earthed. 

The brush earth-leads should be disconnected from the end frame and 
aU terminals cleaned. Check the insulation of the brush to field-coil leads. 

Repairs 

When the fault has been located and is fonnd to be in the armature or 
field coil, it may be necessary to rewind these components. Full parti- 
culars regarding rewinding will be found in a later section in this volume. 

Torque Test 

When the starter has been repaired it is advisable to give it a torque 
test to ensure that it develops the correct torque. This is usually done by 
mechanical means. 

The mechanical method of torque testing consists of clamping the 
starter motor in a vice or test bench and fixing a torque arm to the motor 
shaft or pinion. The torque arm is a steel rod having a clamping device 
at one end to secure it to the motor shaft, and a hole in the other end for 
the insertion of the hook of a spring-halance. This arm extends 12 in. 
from the centre of the motor shaft to the hole for the spring-balance, 
The other end of the balance is attached to a firm support directly 
underneath. 

The starter motor is connected up to a battery which is known to he 
in good condition, and the pull on the spring-halance is noted. If the 
spring-halance shows a reading of 12 lb., then the stalled turning torque 
will be 12 ft.-lb., and this reading is compared with that issued by the 
makers of the motor under test. Alternatively, the test result can he 
compared with another motor of the same type which is known to he in 
good condition. 



THE FORD ELECTRICAL SYSTEM 

By J. W. SANDIRMAN, A,i:.I.A.E. 

IGNITION 

N overhauling the distributors there are one or two points whioh 
require particular care. 

The cam used on current S-h.p., 10-h.p. and 24-h.p. distributors is 
formed integral with the shaft and advance mechanism yoke and , therefore, 
it is not possible to alter the timing by means of cam repositioning. The 
drive gear must he set so that the offset drive slob is in the correct 
position for engaging the distributor shaft. The correct position is such 
that when standing at the near side of the engine with ¥ 0 . 1 piston at 
T.D.C. on the firing stroke and looking down on the drive, the slot is 
sloping forwards at an angle of 45° with the largest D-shaped portion 
facing rearwards. On earlier models the cam is detachable and it is not 
necessary to observe these drive gear positioning precautions. 

When these distributors are dismantled it will be noticed that the two 
advance mechanism springs are of different sizes, and in no circumstances 
should these be changed for other sizes, the calibrated difference deter- 
mining the correct slope of the ignition advance curve. 

The form of the auto- 
matic advance curve is 
extremely important if 
satisfactory results are to 
be obtained, and should 
for some reason the ad- 
vance be incorrect, no 
attempt should be made 
to alter the tension of 
these springs by bending 
of the anchor arms or 
other means. 

Although thesesprings 
are supplied for service, 
if renewals are required 
it often is wisest to 
replace the complete 
advance assembly as, in 
addition, when this is 


Timing 

Graduations 

Indicator line 
■ on body 

Push end of 
S«U3<dsainst 
arm Iron t of 
contact point 



'/■I03 Contact pomt 
pressure gauge 

' ^ith breaker point gap set at 012" 
to 014" small points should start to 
open between 19 dnd 22 oes. large 
points betirtccn 22 and 27 ozs. 


Fig. 1. — Testing cojitact-breakee spring tension 
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BOTH /ALVES CLOSED 



: N'?4 PISTON I 
BOTTOM 
CENTRE 


PISTON 
ONHP'STRGKE 
SAME DISTANCE 
FROM TOP OF 
CYLINDER AS 
N” 2 PISTON 


T 


: N“2 PISTON g 
■ON'‘tlOWN‘STROKE 
SAME DISTANCE 
FROM TOP OF 
CYLINDER AS 
3 PISTON 




WITH BREAKER POIMTS 
PROPERLY ADJUSTED. 
STARTING AT FULL RE- 
TAR D, ADVANCE ( WOVE 
UPWARD) UNTIL SPARK 
OCCURS AT N* I SPARK- 
ING PLUG WHEN PISTONS 
ARE AS SHOWN 



Fi ^. 3. — ^Method op SETimG ks-hitioit oh V-8 ehgenes wheh isto timing pixtuhb is 

AVAILABLE 


required some 'wear will piobaWf liave taken place at suck points as 
tke goTernor-'weiglit pivots and pivot lioles, which, will also tend to 
alter the correct characteristics. 


Testing Automatic Advance 

When testing the automatic advance this should start at 400 r.p.m. 
of the crankshaft ^on Y-8 engines, 700 r.p.m. on 24-h.p. engines, and 
800 r.p.m. on 8-h.p. and 10-h.p. engines. 

Testing Tension of Dual Contact-breaker Arm Springs 

Y-S engines are very sensitive to correct ignition characteristics, and 
in addition to the above precautions the tension of the dual contact- 
breaker arm springs is extremely important. This tension may be tested 
by a special tension gauge, and with the later models having contact- 
breaker points approximately diameter, the spring tension should 
be between 22 oz. and 21 oz. The earlier models had contact points of 
a smaller diameter, and the breaker springs on these distributors should 
have a tension of between 19 oz. and 22 oz. 


Setting Ignition Timing (V-8) 

The initial setting of the ignition is also of extreme importance, and it 
is advisable to use a special electrical timing fixture which permits the 
distributor to be correctly timed whilst off the engine . 

Should such a fixture not immediately be available, the ignition can 
be set (but not with the same accuracy) by bringing No. 1 piston nearly 
to the top of its compression stroke and then slowly turning the engine 
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Fig . 3a. — ^Weeing diagham foe Fofd 8 h.p. 



Fig . 3b. — W lBING BIAGBAM FOB FOBD 10 H.P. 
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— WniiNG diagkam: for Ford V-S “30’ 
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“until pistons Nos. 2 and 3 are an equal distance from tke top of the 
cylinder block. 

The advance adjustment on tbe side of the distributor should then 
be placed in its lowest position, and with the ignition switch on slowly 
moved upwards until a spark occurs at No. 1 sparking plug, when the 
adjusting screw should be moTcd up“W“ards one additional graduation. 
This wiU give the initial setting of 4^ before T.D.C. 

The above method of setting the pistons of Y-S engines for ignition 
timing is, of course, best carried out before installing the cylinder heads, 
but is a method not recommended on any 4-cylinder models, as accuracy 
is not possible, due to the offset cylinders. The V-8 cylinders are also 
offset, hut the relative positioning of the various pistons enables reasonable 
accuracy to be obtained by this method. 

Timing Ignition on 4-cylinder Engines 

All 4-cylinder engines are, however, provided with more positive 
means of setting the piston for ignition timing. 

A timing pin is screwed into the front timing cover and under normal 
conditions projects outwards. When it is required to set the pistons for 
ignition timing this pin is unscrewed, reversed, and the plain portion in- 
serted in the hole from which it has been removed. 

If light finger pressure is applied to the pin and the starting handle is 
used to rotate the engine very slowly, it will he found that at a certain 
point the pin drops into a small recess. This recess is on the face of the 
camshaft gear, and when in this position indicates that number one piston 
is in the exact position for setting the distributor timing. 

As the engine timing wheels are marked for correct mesh this method 
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F'ig. 5. — OpiiRA.TroN op petbol GA.tjGB 


gives great accxiracy , but should the timing wheels not he correctly meshed 
the ignition timing would also be incorrect. This condition, however, 
would readily he apparent, as the valve timing would he at least one tooth 
out, which, combined with the consequentlf incorrect ignition timing, 
would give ohTiously unsatisfactory running. 

Contact Breaker Correct Gap 

It is, of course, necessary before making the above setting to see that 
the contact-breaker point gaps are set to the correct clearance of -012 in. 
to *014 in. on the earlier models, and -014 in. to *016 in. on later models. 

This is an important point, as synchronisation of the two breaker arms 
controls the saturation period of the coil. 

Particular care must he taken not to unduly bend or strain the contact- 
breaker arm springs, as this will alter the point pressure and possibly 
cause misfiring at high speeds. 

Previous type distributors for the 24-h.p. engine should have a contact- 
breaker gap of between *018 in. and -022 in. Early -type 8-h.p. and 10-h.p. 
distributors not provided with an adjusting index should also have a 
similar contact-breaker gap, which differs from the later distributors 
provided with an adjusting index having a gap of between *010 in. and 
•012 in. This latter setting is also used on current type 24-h.p. 
distributors. 

Fitting Starter Motors 

Due to various changes in design of starter motors, it is possible to fit 
a new S-h.p. or 10-h.p cylinder block ora reconditioned engine on which 
it will not be possible to install the original motor. To overcome this 
difficulty a number of adaptor plates ai;’e available to enable the original 
motor to be used, and it is advisable when ordering a new block or recon- 
ditioned engine to state with which type of starter motor it is intended 
to he used. 

V-8 engine-starter motors also underwent a change, so that if a change 
is necessary ox a flywheel ring gear has to be renewed, the correct parts must 
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be obta;ined. Early starter motors had a drive pinion vith 10 teeth which 
meshed with a flywheel ring gear having 112 teeth, while the later motors 
had a pinion with 9 teeth meshing with a ring gear having 144 teeth. 

Electrically Operated Oil Gauges 

The oil gauge on both 22-h.p. and 30-h.p. Y-8 cars is electrically 
operated, an electrical pressure unit being screwed into a connection with 
the oiling system at the rear of the cylinder block. These units, however, 
cannot be changed from one type of engine to the other, as they operate on 
different principles. That on the 22-h.p. engine has two contact points 
which are held apart by the oil pressure, so that if oil pressure fails the 
points come together, so completing the electrical circuit and operating 
the warning light on the instrument panel. 

On the 30-h.p. engine the points are held in contact by the oil 
pressure, so permitting a current to flow through a heating coil surround- 
ing a bi-metal arm which v^en heated tends to separate the points. A 
similar system is incorporated in the instrument panel gauge to which 
the engine unit is connected, so that the amount of current, degree of heat 
in the hi-metal arm, and amount of arm deflection is reproduced in the 
gauge and indicated by the pointer. 

It should be clearly understood that the oil-pressure gauge system on 
the 30-h.p. 7-8 records the pressure in lb. per square inch on an instru- 
ment panel gauge, whereas the system on 22-h.p. 7-8 engines merely acts 
as a warning when the pressure drops to a dangerous degree ; usually 
about 7 lb. per square inch. 

Testing Gauges for Faulty Operation 

Should either of the engine units be suspected of faulty operation, the 
simplest method of ascertaining this is to temporarily replace it with a 
new one. If a new unit is not available a mechanical type pressure gauge 
can he inserted in its place to check if the normal oil pressure is being 
obtained ; this should be between 25 lb. and 30 Ih. per square inch at 
normal working temperatures. 

To test the instrument panel unit on 30-h.p. 7-8 cars it may be dis- 
connected from the engine unit and a temporary lead used to pass 
current direct from the battery to the gauge. Watch carefully that the 
current is not applied too long but only sufficient to see that the gauge 
needle rises in the normal manner. If incorrect calibration is suspected 
it is advisable to change the complete gauge. 



BATTERIES AND BATTERY CHARGING 

By EDWIK H. WRIGHT, F.R.S.A.. r.T.8. 

T he subject of choosing the correct type of plant for the efficient 
charging of secondary cell batteries, commonly known as accumu- 
lators,’’ is of extreme interest besides importance. 

In order that the reader may obtain a better grasp upon the under- 
l 5 diig principles described in this article, it may be permissible to first 
consider briefly the battery itself: its origin, construction, and the 
manner in -which it functions . 

Types of Battery 

There are only two types of secondary cell in general use at present. 
First, and practically universal in use, is the type known as 'Head-acid,” 
whilst the other type, attributed to Edison, is known under various 
names, including '' nickel-iron,” '^altabne,” or " Nile?’ As the latter 
has still some distance to progress before becoming a serious rival to the 
lead-acid type, and is seldom met with in normal charging stations, our 
considerations will be confined to lead-acid batteries. 

Construction 

Manufacturing methods are obviously outside the scope of this 
article, but the form of construction in which the battery reaches us may 
warrant a brief 
description. 

In its usual form 
it consists of a rect- 
angular container of 
insulating material, 
divided internally into 
cells ; each cell hous- 
ing its quota of plates 
and electrolyte (dilute 
sulphuric acid) suf- 
ficient to ensure an 
output voltage of 
2-2*2 on completion 
of charge ; the current 
rating depending upon 
the active surface area 



Mg. 1 . — Positive and negative plate groups of a 

BATTERY CELL 
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of the plates, otherwise 
•upon their size. These 
2 -volt cells are coix- 
iiected in series, so that 
their voltages are added 
together. Thus, a 6- 
volt car battery em- 
bodies three cells in its 
container, whilst a 
12 -volt battery com- 
prises six cells. 

Each cell has its own. 
series of positive and 
negative plates, 
arranged in two groups 
respectively; each gro"up 
being individually con- 
nected together, metal- 
lically, inside the cell. 
The positive group is 
kept insulated from the 
negative group by thin 
separators of celluloid, 
wood, or other insulat- 
ing medium. The 
electrolyte, which should be a high-quality acid such as B.A. A., completes 
the contents of the cell, which has a conductor from each group of 
plates, led to the outside for connection to other cells, or to the load, 
i.e. an exterior circuit, or to the charging equipment. 

The plates generally consist of lead frameworks of grid construction, 
the interstices of which carry the active material or paste. Under 
normal conditions in a new battery, the positive paste consists almost 
wholly of peroxide of lead (PhOg), whilst the negative plate is of more or 
less pure lead. Both positive and negative plates have acquired their 
characteristic spongy paste formation during process of manufacture, and 
this is more readily acted upon by the electrolyte. It will be noticed that 
in the new or charged condition, the positive plates will be of dark brown 
or chocolate colour, whilst the negative will be light grey. The colouring 
should be smooth and uniform, any tendency to roughness or patches of 
whitish colour indicating the first stages of sulphation ; which should be 
removed at once by prolonged charging at a low rate. 

Action of Battery 

Assuming the battery to he in good condition, its action is as follows : 

If the two groups of plates be joined together by their outer con- 



Fig. 2. — This shows the thiit wooden sepaeators 

WHICH ARB PLACED BETWEEN THE POSITIVE AirD 
NEGATIVE PLATES OE A BATTEBY CELL 
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ductors or terminals through an exterior load or resistance, a current wiU 
flow from the positive terminal, through the load, to the negative ter- 
minal, and through the electrol 3 rte, completing its circuit back to the 
positive. 

This discharging action is both electrolytic and ionic. Hydrogen ions 
go to the positire plates, and combine, when neutralised, with the oxygen 
present in the peroxide of lead, thus forming lead monoxide ; whilst at 
the negative plates, sulphur and oxygen ions combine with the lead, 
forming lead sulphate. The lead monoxide at the positive plates easily 
combines with the sulphuric acid electrolyte, forming lead sulphate and 
water, hence both sets of plates become partly covered with lead sulphate ; 
a small measure of water is formed, and some of the sulphuric acid is used 
up. This results in obvious dilution of the electrolyte and a fall in cell 
voltage ; in other words, the cell has been discharged to an extent depend- 
ing upon how far the above action has been allowed to proceed. 

The chemical aspects of the re-charging process need not be touched 
upon here. Suffice it to say that at the end of a charging period, when 
efficiently carried out, both sets of plates and the electrolyte will be 
restored to their original condition ; a reversal of the discharge having 
taken place, be it noted, by 


chemical action, of which the 
charging current is simply the 
cause. Contrary to general 
belief, electricity is not merely 
pumped into the battery, 
stored by it, and taken out 
when required. The battery 
stores chemical energy upon 
charging, and reconverts this 
into electrical energy upon 
discharge. 

Charging 

The reader should now be 
better able to understand why 
an alternating current is use- 
less for direct connection to 
batteries for the purpose of 
charging- As alternating 
current changes its polarity 
from positive to negative and 
vice versa at a frequency of 
anything from 50 to 100 times 
per second, any chemical 
change brought about within 



Fig. 3. — The two GEOirps of pla.tes 

SEPAJlArOES BEING EITTEX) COMPLETE INTO A 
BATTEEV CASE 
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Fig. 4:. — SELECTING A SUITABLE BA.TTBIIY 
CHAEGER 

Assume that the following number and 
size of cells are to be charged : ( 1) 3 12-volt 
ear batteries (18 cells) at 6 amps.; (2) 20 
radio cells at 3 amps- ; (3) 28 radio cells at 
1 amp. The maximum number of cells is 28, 
and therefore the’ maximum voltage of the 
charging plant v^ill need to be 28 X 2- 6 = 
7 0. In practice, it will be preferable to us© 
a 75-volt plant, which is standard. A suit- 
able plant would, therefore, b© one with 
three circuits, giving charging rates of 
(> amps., 3 amps., and 1 amp., and a maxi-, 
mum voltage of 75. 



Fig. 5. — ^Typical example op .serie.s and 
PARALLEL CTIAJIGIISO 

The above picture shows a 3*circuit 
charger with outputs of G, 3, and 1 amps, at 
a maximum voltage of 75. There are 56 cells 
for charging on the> 1-amp. circuit. Thcsf‘, 
if put on circuit in series, would need 50 X 
2-5 = 125 volts, considerably above the 
maximum voltage of the chargor. The safe 
solution to the problem is to divide the 
50 cells into two groups of 25 cells each in 
series and connect each group across blif^ 
1-amp. terminals in parallel , as shown above . 
Each group will be charged at amp. 
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the cell b 7 a positive impulse would be immediately cancelled out by the 
following impulse of leverse polarity. The net result, so far as chemically 
re-forming the plates is concerned, would be nil. 

It therefore follows that direct, not alternating, current must be used, 
and as the majority of power-supply authorities distribute alternating 
current only, we must find suitable equipment to convert this into direct 
current ; which flows in one direction only, and will, therefore, induce the 
required chemical change in the battery without interruption or reversal. 

The Charger 

This brings us to the controversial yet interesting subject of chargers ; 
a subject to which those interested in battery -charging should devote full 
consideration. The charger is the heart of any battery -charging plant, 
and its responsibilities include not merely the converting of alternating 
into direct current, but also the mechanical efi&cienoy of the plant ; its 
reliability, convenience in operation, and, perhaps most important of aU, 
its running costs — this last being directly governed by its electrical 
efficiency. Attention paid to these points will make aU the difference 
between success or failure, both technicady and financially, in the opera- 
tion of a battery-charging or service station. 

Types of Charger 

There are numerous types of charger, which may be conveniently 
divided into the following classes : 

(1) Commutating rectifiers and motor-generators, which depend for 
their functioning upon motion derived from the forces of electro- 
magnetism . 

(2) Electrolytic and ionic, the action of which is electro -chemical. 

(3) Thermionic valves, which derive their direct current by means 
of a stream of negative electrons attracted to a positively charged plate, 
the electrons being first released by heat from a distintegrating filament. 

(4) Metal rectifiers, the action of which is purely electronic in the case 
of copper- coppeT-o:xide ; hut is definitely ionic or electrolytic in the 
cases of so-called metal” rectifiers constructed from magnesium or 
copper-sulphide. 

THE COMMUTATING RECTIFIER 

Turning to chargers falling into Class 1, the functioning of which 
is dependent upon motion, there appear to he only tw-o of these types at 
present surviving. One is the commutating rectifier and the other the 
mo tor -generator. 

The commutating rectifier is in effect an alternating-current motor 
which carries a four-segment commutator upon its rotating armature- 
shaft. The segments are disposed around the circumference of the 
commutator body, and are interconnected for correct functioning as 
follows (see Fig. 7) : 



Mg. 6. — Sebies method oe connecting 

BATTERIES 



Fic^. 6b. — S iNGiE - cmcuiT 
BATTERY CHARGER WITH 
OUTPUT OP 4 AMPS. WITH 
TWO GROUPS OF CELLS 
CONNECTED IN SERIES - 
PARALLEL 


Fig. 6a. — Series -PARALLEL method oe 

CONNECTING BATTERIES 



Fig. 6c. S INGLE - G IB GUI T 

CHARGER OF 6 AMPS. OUTPUT 
WITH THREE GROUPS OF SIX 
CELLS CONNECTED IN SERIES- 
PARALLEL 
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Fig . 7. — Hebe we see the pbihoiple oe operatioin of a coMmiTATi^ro eectefebr 


Imagine the flat end-seotion of the commutatoT to represent a clock 
dial. Four copper segments are embedded in the body at the hours of 
12, 3, 6, and 9. 

The 9-o’clock segment is directly connected to the 6'o’clock segment — 
and through brush gear to one of the alternating- current mains 
terminals, which we will assume at the moment of description to be at its 
positive half-cycle. 

The 3-o’clock segment is directly connected to the 12 -o’ clock segment, 



Fig. S. — Here we see the connection's of a comwcutating rectifier, for 
3-BUSBAii CONSTANT- POTENTIAL CHARGING {Cryptoii Equij)ment, Ltd.) 


Nl.R.O- IV.- 
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and through further bxusli gear to the remaining mains terminal which is 
(at the moment) negative. 

A collecting brush hears upon the commutator segment 6, and a lead 
is taken from this carrying the current which is of positive polarity, 
whilst another lead, from a brush hearing upon the segment at 12 o’clock,, 
constitutes the negative. Brushes 6 and 9 are now positive, and brushes 
3 and 12 are negative. 

Now, if the motor be started so as to rotate the commutator in a 
clockwise direction at a speed of one quarter of a revolution for 
every change of polarity of the mains, hy the time the segments 
12 and 6 have advanced to contact with brushes 3 and S, the mains 
polarity has reversed, and brush 9 which had previously been positive is 
now negative and brush 3 is now positive. Although, however, the mains 
half "Cycle change has taken place, brush 12 remains negative and brush 
6 positive. 

It is clear, therefore, that the lead from brush 6 is always positive, 
whilst that from 12 is always negative. Full -wave rectification has been 
accomplished. 

THE MOTOR CEKERATOR 

This brings us to consideration of the above equipment, which is 
probably next in order of importance for battery-charging purposes. 

As is doubtless already known to the reader, it comprises an alternat- 
ing-current motor, mechanically coupled to a direct-current generator or 
dynamo ; which latter, upon being driven by the motor, discharges a 
direct- current output through the batteries, 

IONIC RECTIFIERS 

It is a well-accepted theory, borne out in early battery -charging 
practice, that any rectifying apparatus dependent upon ionic or chemical 
action must be, by reason of its nature, largely dominated in life and per- 
formance by climatic conditions. Since water, in the form of vapour 
or damp atmosphere, often heavily charged with acid or other chemical 
fumes, is readily absorbed by the porous and hygroscopic elements of most 
electrolytic or ionic rectifiers, it follows that their original chemical 
formula cannot remain permanently unchanged. In due course they 
have been found to deteriorate owing to internal corrosion and chemical 
changes in composition caused by adsorption of exterior vapours. Especi- 
ally is this so in tropical climates, or when installed within reach of the 
sulphuric acid fumes always more or less present in battery charging - 
stations. 

The first rectifiers of this type generally consisted of two platinum or 
other metal electrodes in contact with a chemical solution contained 
within a semi -sealed jar constructed of insulating material. These were 
superseded later, by a somewhat similar arrangement, in which the 
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8a.. A COMPLETE GOBIMUTAriN» EECTimR EATTERY-CHARGING USSTALIATIOIT 

Tlie cornmutating rectifier is shoNvn on the extreme left with the traiisfo^er to 
it. It is charging the batteries hy the constant-potential method. ITote the three busbars 
across which the batteries are connected. 'Iho connections will he clear from °‘ 

iCryvton Wampment.^L 


okemica,! solution was contained -witkin a block of absorbent material ; 
and these were probably tke forerunners of the series of dry iomo and 
eleetrolytic rectifiers of foreign origin (often passed off as “metal 
rectifiers), -wkicli may be purchased even to-day m this country. 
Rectifiers of the early type embodying electrolyte in liquid form 
are now quite obsolete, except, perhaps, in some oases of laboratory 
work. 


THE THERMIONIC VALVE RECTIFIER 

The valve rectifier may introduce itself to tlie reader in any one of 
three different forms, all enclosed witliin evacuated glass bulbs : either 
as mercury vapour, heated filament, or a comhination of both. As t^e 
first-mentioned type will rarely, if ever, be met ’srith in battery service 
•work owing to its extremely low efficiency when used below balf-load, it 

•wiU be omitted from consideration. . ^ 1 ,^ 1 . 

The second and third types are, in principle, so similar to each other 
that for our purpose it will be convenient and permissible to deal with 
them as a single unit. 
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Mg. 9. — A 3 -CIRCUIT jBArTERY-CHAUGIN'O OXIDE -CATHODE RECTrilEE 
Showing th© interior components, including transformer and rectifying valve. {Gri/'pton.) 


Operation 

In 1904:, Professor Ambrose Fleming (since knighted) first put to 
practical use a previous discovery made by Thomas Alva Edison, pertain- 
ing to carbon or metal-filament lamps ; this was known as tlie “ Edison 
effect.” Edison noticed that after burning for some considerable time, a 
“ shadow ” or blackened image of the filament became imprinted upon the 
interior of the glass bulb. 

Investigation followed, and ultimately proved this to be an actual 
deposit of the filament material emitted from it in the form of electrons, 
due to its disintegration by heat. The filament gradually “ evaporates ” 
in this way, which accounts for its cross-sectional area diminishing until 
its mechanical strength becomes insufficient to maintain cohesion. How- 
ever, before this stage is reached, the filament generally fractures at its 
thinnest point, due to overheating, and its life is over- Given good con- 
ditions, and freedom from vibration or overload, the life of such a filament 
working at full emission may reach approximately one thousand hours or 
more. 


BATTERIES AND BATTERY CHARDING [vol. ir.] 37 


JO H'lili- 

PES/S7ANCE TUBE 



I'ig. 10. — A 'lUNGAR TALYE CHARGER DESIGNED EOR CHARGII^G 
EITHER A 6- OR 12-TOLT MOTOE-CAR BATTERY 
The change-over switch enables either 6- or 12 -volt battery to 
he charged by changing the position of the switch. 

'^ow, bearing in mind tliafc (1) elections aie of negative sign : (2) that, 
as in magnetism, so in static electricity, unlike polarities or signs attract 
toward each other ; and (3) that as a flow of electricity through a con- 
ductor is merely a flow or movement of electrons, Fleming correctly 
concluded that if this filament electron stream could be collected and 
conducted outside the bulb, around a completed exterior circuit, it would 
constitute a fiow of direct -current electricity, and make possible the manu- 
facture of static rectifiers at economical cost. 

To this end, he constructed a lamp with a filament of low voltage, and 
inserted, near the filament, a plate or anode fitted with an exterior 
terminal. He then heated the filament by passing a suitable current 
through it, and connected the anode to one pole of an alternating- current 
supply of high voltage. The remaining A.C. pole was returned to the 
filament via a suitable current -limiting resistance, and polarity indicator. 

Switching on the high tension (A.C.) in the anode circuit, he obtained 
just what he expected. The negative electron stream was attracted to 
the positive anode upon each positive half-cycle of the A.C., and pulses 
of current fiowed through the exterior circuit accordingly. However, 
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■wlienthe anode 
"was negative, 
no current 
was indicated. 
Eleming there- 
by produced 
0 n e -way 
traffic ” through 
the lamp, which 
thus became an 
electrical valve. 
This valve 
(orrectifier)had 
no eommtita- 
tors, brushes, 
field-magnets, 
concrete bases, 
or moving parts. 
It was hght in 
weight, small in 
bulk, and eco- 
nomical in cost ; 
and its efficiency 
upon light loads 
proved to be 
considerably 
higherthan that 
of the motor- 
generator, or 
any other form 
of rotary recti- 
fying plant. 

Types and 
circuits were 
soon designed, 

enabimg fuH-wave rectification to be obtained, and these valves ultimately 
found their way into the specifications of commercial battery -chargers. 



Life 

Eeverting to the life of the filaments in such rectifiers, it is generally 
agreed among users that filaments of the type in which electron-emitting 
substances (usually thoriated tungsten) are adsorbed or impregnated in 
the material, generally fail when the diameter, or cross-sectional area, has 
fallen by 7 per cent, to 10 per cent, of the original ; whilst filaments of the 
type which carry an outside coating of emissive material can fail within 
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a few minutes, if 
conditions are such 
as to permit exces- 
sive emission. One 
thousand hours 
appears to he -the 
generally accepted 
expectation of life. 

Its efhciency as 
regards costs in 
running should be 
carefully considered. 
Like all electrical 
apparatus, none of 
which, is perfect, 
it has some dis- 
advantages and 
unavoidable losses. 
It must be remem- 
bered that costs of 
running are not en- 
tirely bound up with- 
in the supply com- 
pany’s q[uarterly 
account. Repairs 
and renewals, if not 
prevented at the 
outset, may become 
very heavy items. 


THE COPPER- 

OXIDE RECTIFIER INSTAIiLATION OF SEVEN COPPER-OKIDE 

^ REOTIFIEES FOR BATTERY CHARGINC! [WcstingJmtSe £raJc6 

This, a compara- Signal Oo.,ztd.) 

tively recent intro- 
duction, is becoming more widely known and used, as in course of time 
it becomes better understood. 

Its origin is attributed to two American research workers , Grondahl 
and Place, and the principle is, in brief, based upon the fact that a current 
of electricity may pass through copper -oxiide to copper, but will not pass 
(except in negligible quantity) through copper to copper -oxide. 

hluch development work has been conducted upon this property of a 
copper -oxide junction, and for some years past there have been large 
numbers of commercially manufactured types and sizes available for all 
purposes of rectification. An indication of the forms of construction may 
not be amiss, and will certainly assist the reader to form his conclusions 
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as to the worth of this newest of 
rectifiers. 

Construction 

Imagine a copper disc, approxi- 
mately the size of a penny. Now 
if this he given a special heat-treat- 
ment upon one side only, that side 
will acquire a layer of copper-oxide, 
of thickness and quality in ac cordance 
with the degree of temperature 
applied, and the time or period of its 
application. Other processes are in- 
volved, but we are only concerned here with the basis. 

It is at the junction of the copper and copper-oxide, where the one 
changes into the other, so to speak, that rectification takes place. The 
oxide is not sprayed, spread, or pressed into the copper, as many are 
erroneously led to believe. It is actually part of the disc. 

The voltage safely accepted by such a disc may, according to design 
and process, be anj^hing between 4 and 8, and the current-carrying 
capacity is governed by the diameter or area. Thus, a disc the size of a 
five-shilling piece would carry more current than one the size of a penny. 
The average disc used in commercial battery -chargers carries approxi- 
mately I of an ampere, and accepts an input voltage of approximately 4 ; 
so that if, for example, a direct current of 3 amperes at 100 volts is required, 
a construction or assembly is suggested, consisting of four paralleled units 
(4 X I = 3), each unit comprising 25 discs in series (25 x 4 = 100). 
In practice the design is not quite so simple, as safety-margins must be 
allowed, and as many as four simple paralleled paths are rarely used, it 
being preferred to use the bridge circuit and parallel the bridges. 

However, it is easy to understand that in these rectifiers we have a very 
elastic ’’ medium, capable of being built up to any conceivable specifica- 
tion. 

Copper -oxide rectifiers will not break or become damaged if dropped, 

are unaffected by vibration, 
and have no emission of any 
description to lose . They may 
he switched instantaneously 
on to full load without 
damage, are unaffected hy 
accidental short-circuit, and 
may even be overloaded for 
a reasonable period before 
damage is likely to occur. 
Provided the temperature 
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TransForm^r 
Fig, 14. — Circuit of cotper-oxiue rectifier fob 

BATTERY CHARGING 

The transformer secondary winding is provided 
with tappings giving suitable voltages for adjust- 
ment according to the number of cells being 
charged. R, Balia, st resistance. 



OXIDE BECTIFIER, COMPRESSION COM- 
TACT TYPE {W estingf house Brahe <& 
Signal Go., Ltd.) 
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could bo Tept down, there is theoretically no limit to tlie cuiTeiit 
Y^liich they may carry, whilst a voltage input excess of some 500 per 
cent, is necessary to puncture or break down the oxide. 

Efflciency 

As there are no moving parts to be driven, nor filament to heat, the 
efficiency is naturally highest of all rectifiers ; and this is still further 
enhanced by the fact that as they are to allintents and purposes permanent, 
and renewal costs do not arise, there can be no objection to utilising 
separate independent units for each charging circuit ; which does away 
immediately with practically all wasteful resistance control. The designer 
iSj therefore, free to control the output mainly by a variation of input volts 
to the rectifier by means of tappings from the transformer secondary 
winding ; a method which economises current instead of wasting it. This, 
taken in conjunction with the other advantages enumerated above, 
results in an ovcr-aLl efficiency in a copper-oxide rectifier charger of 
approximately 80 per cent, at the half-load, with which we are mainly 
concerned. Upon full load it is still better than any of those previously 
described, but the difference is not so great. Also, it maintains its advan- 
tage right dowm. to practically no load ; the no-load losses being negligible. 

Control 

The control being effected by tapped transformer, and therefore dis- 
pensing with practically all resistance including the network, which in the 
case of the valve involves risk of one bank of cells discharging into another 
in the event of mains interruption, has the added advantage of entirely 
eliminating this possibility. The non-conducting properties of the 
rectifier in its reverse direction prevent discharge ; and as separate 
rectifiers feed each circuit, we have, in effect, a number of separate and 
independent chaTgers^ — -each one for its own class of cell ; so that dis- 
charge from one bank to another is impossible, and any adjustment of 
control upon either circuit can have no effect upon the others. 

The action of the copper-oxide rectifier is based upon neither chemical 
change, heating of fragile filaments , nor rotating machinery . Its efficiency 
at the order of loads we can expect under our own conditions is around 
the figure of 80 per cent., which is approximately one-fifth higher than the 
best of others, and it involves no repair of renewal costs. 

The tapped transformer control (see Fig. 14) enables an immediate 
compensating adjustment to he made each time batteries are added to, 
or taken from the load. 

The drawback of metal rectifiers with which we are concerned is 
the high initial cost. This is usually of the order of 1 0 per cent, to 1 5 per 
cent, above that of other systems. It may he as high as 20 per cent., 
hut we should very carefully consider whether it is not better to pay this 
extra two or three pounds^ for what, in effect, becomes the purchase of 
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an extra fifth of profit throughout the years following ; and an unin- 
terrupted trouble-free service. 

SELENIUM RECTIFIERS 

Another type of metal rectifier now being used for battery charging 
consists of aluminium or nickel-plated iron discs to which a layer of 
selenium is applied. Current will flow readily from the aluminium or 
iron to the selenium, hut only with difficulty in the reverse direction. 
A number of elements are mounted on a spindle, together with connecting 
lugs and cooling fins when required, in the same general manner as the 
copper-oxide rectifier, but the pressure needed for contact is much 
less. 

PREPARING BATTERIES FOR CHARGING 

The procedure to be adopted in preparing the cells is the same, no 
matter what method of charging, as described later, is adopted. Beside 
the charger, one should have available a good hydrometer fox measuring 
the specific gravity of the acid in the cells, a supply of commercial battery 
acid, a supply of distilled water, and an artificial load tester of good 
make. 


Clean the Battery 



The first procedure upon receiving a battery should be to thoroughly 
clean it. 'No good worh was ever done with a battery whilst it was covered 
with corrosion and filth. A good plan is to wash this off in a large sink 

(rubber gloves are ad- 
vised) with plain water. 
This will also remove the 
corrosion if any, which 
often collects upon the 
positive terminal. 
Next, thoroughly dry, 
and wipe off any grease 
which may he present, 
to prevent the collection 
of more dirt. 


Fig. 15 . — High -RATE discharge test tor testing 

BATTERY IN OBDEE TO ASCERTAIN IF ANY OF THE CELLS 
1 DAMAGED 


Testing for Faulty 
Battery 

We should next 
make use of the artificial 
load tester, upon each 
individual cell of the 
battery, in order to 
ascertain if any of the 
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cells are damaged. In- 
structions for the use of 
this piece of appaiatus 
will be found enclosed 
with it upou purchase. 

The habitual testing 
of all cells immediately 
upon coining into the 
station, preferably in 
the presence of the 
customer, is strongly 
recommended. It is 
useless to re-oharge a 
cell which is not in a 
condition to retain its 
charge, as suck proced- 
ure is not only waste of 
time and money ; its 
early demise wiT reflect 
upon the efficiency of 
the charging station, 
even if the customer 
does not, in innocent 
ignorance, blame the 
station operatives for 1 «— Hybbojodibb specific oeuyity of 

its damage. Immediate weak an acid will prevent full cliarge taking place, 

testmg in his presence 

is a safeguard against either contingency. If any of the cells prove 
damaged, instructions for le-plating maybe obtained at once, saving the 
customer’s time, and incidentally increasing the turnover. 


Test for Specific Gravity 

Assuming that the test shows no fault beyond discharge, we should 
next test the specific gravity of the acid. The correct figure for this 
varies somewhat with different makes, so that it would be wise to arm 
ourselves at the outset with a manufacturer’s instruction booklet for all 
of the most widely used makes of battery. Battery makers will be found 
to be only too glad to assist in this direction when asked. The gravity of 
the acid in a cell which is fully discharged should be somewhere in the 
region of 1170, and if our hydrometer reads higher than the maker’s 
specification with the battery in a discharged condition, we should remedy 
this by dilution with distilled water before placing on charge. Too strong 
an acid attacks the plates, whilst too weak an acid will prevent a full 
charge taking place . 
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The Charging Bench 

HaTiiig dealt witli these preliminaries, we may now approach the 
charging "bench. This latter should be of rigid canstrnction, preferably 
fitted with a thick oovering of rubber or glass insulation which may be 
given an occasional wipe over, not only in the interests of cleanliness, hut 
for prevention of leakage between cells and earth ; such leakages soon 
manifesting themselves if dirt be allowed to collect, owing to the fine 
spray of electrolyte which the cells throw out towards completion of charge. 
This very quickly forms a thin mud film comparatively highly conductive 
of current over the batteries and bench; whereas, if cleanliness be 
strictly observed, no leakage is likely, as the electrolyte alone is of such 
high resistance as to be practically non -conductive. 

TWO METHODS OF CHARCmC 

We now come to the actual charging plant and the method of charging. 
Although there seems to he an embarrassing range of plant available, 
there are only two methods of charging batteries, namely : 

(1) The constant current or ‘‘series ” method. 

(2) The constant potential or “ parallel ” method. 

We will deal first with constant current or “ series ” battery charging. 

CHARGING BY THE “ SERIES” OR CONSTANT-CURRENT METHOD 

The following types of plant charge by the constant-current or 
“ series ” method when the mains supply is alternating current. 

(1) Valve rectifiers, 

(2) Metal rectifiers, 

(3) Motor-generators. 

The method of charging is the same in each case. The plant gives a 
certain current at a certain voltage. It has one or more charging circuits 
which give a variation of charging rates to enable you to charge different 
sizes of cells. In series charging the positive wire from the charging 
supply is connected to the positive terminal of the battery. Then the 
batteries are connected positive to negative until the required number 
are in series. Finally, the negatiye terminal of the battery is connected 
to the negative of the charging supply. 

The number of cells you can charge depends upon the voltage of the 
plant you select. The charging circuit or circuits are fitted with resist- 
ances which enable you to adjust the charging rate so that you maintain 
a constant current through the batteries until they are fully charged. 

Selecting Series Charging Plant 

In selecting any type of plant which operates on the constant- current 
method, the fitrst thing to do is to make certain that you have selected 
the most suitable voltage. This depends entirely upon the number of 
cells yon require to charge at any one time. It is very easy to arrive at 
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the Yoltage required for any giYen. number of cells. All you need do is 
to multiply the number of cells by 2*5. The voltage of any cell when 
fully charged is 2-5, and, consequently, if you have 20 cells to charge the 
voltage required is 50. Also, in the same way, if you select a 75 -volt 
75 

plant, you can connect — ^ = 30 cells. If the plant is 30 volts, you can 

30 

connect — ■ = 12 cells. 

In selecting the most suitable voltage the calculation should be taken 
on the basis of the maximum number of cells you require to charge at 
any one time. If, for example, you anticipate a weekly load of, say, 
30 12-volt batteries and 10 6-volt batteries, it might be assumed that the 
average maximum number of cells you require to charge at any one time 
would be 5 12-volt batteries = 30 cells, plus 3 6-Yolt batteries = 9 cells, 
making a total of 39 cells. 

Your most suitable voltage for this load, if you use only one circuit, 
would therefore he 2-5 x 39 = 97-5 volts, or, say, 100 volts. 

Charging Different Sizes of Batteries at Different Charging Rates 

This calculation is, however, based upon the use of only one charging 
circuit, which means you would have to charge all your batteries at the 
same rate. It is more convenient to have several circuits, so that you can 
charge different sizes of batteries at different charging rates. If, for 
example, you selected a plant with two charging circuits, then the voltage 
of each of these circuits need he only 50, which would give you the same 
capacity, ox, in other words, enable you to charge the same total number of 
batteries at any one time. 

Multiple Circuits 

Trom a practical point of view care is necessary in selecting the number 
of circuits on the plant you install. Multiple circuits are very useful. 
They enable you to deal efficiently and easily with all types of batteries. 
You can, for example, have one circuit with a low current rate for radio 
batteries, of the mass-plate pattern. A suitable current rate for such 
batteries is about 1 amp. Another circuit at, say, 3 amps, enables you to 
deal with larger radio cells. A further circuit at, say, 6 amps, enables you 
to deal with the smaller range of car-starter batteries and a further circuit 
at, say, 8 amps, gives you full ample charging current for larger car-starter 
batteries . 

In practice, the best thing to do is first of all to work out the average 
number of different sizes of cells you require to charge at any one time. 
Then multiply the number of cells which comprise the largest' group or 
groups by 2-5. This gives you immediately a suitable voltage for your 
charging plant. That is, if you have, say, 20 mass-plate radio cells in one 
group, 30 multi-plate radio cells in another group, and the third group 
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comprising 5 12 -volt car-starter batteries, yon arriYe at your Yoltages as 
follows : 

1. — 20 2 -volt cells = 50 volts. 

Grouj^ 2. — 30’ 2-volt cells == 75 volts. 

Grouj[) 3. — 5 12-volt batteries = 30 2-volt cells = 75 volts. 

You v'onld, therefore, in this case select a 75-volt plant. 

Charging Rates 

The question of charging rates is easy. Yon arrive at the average 
charging rate required for the various groups of batteries and select a 
plant which gives yon circuits accordingly. Actually, you will find your 
needs met very excellently by the wide range of standard chargers which 
axe available having carefully selected charging rates. 

Conncctijig Up 

We have to decide at what current to charge the battery, and here, 
at least until from experience we can tell by examination, we should 
consult the maker’s instructions. If a 12-yolt battery, it will be found 
most likely to be in the region of 8 amps. 

Assume we have a charger with at least one 8-amp. circuit, capable of 
charging thirty-six cells simnltaneonsly ; and that we have, ready for 
charging, three 12-volt and four 6-volt batteries. As there are six 
cells to each 12-volt battery and three cells to each 6-volt battery, 
the total number of cells is thirty. We are, therefore, well within the 
loading capacity, and may proceed to connect them to the charger, 
before switching on. 

We take the first battery, and connect its positive terminal (marked by 
a cross or enamelled red) to the positive (similarly marked) terminal of 
the charger ; or to the circuit chosen, if a multi- circuit charger. 

We then connect the negative of this first battery to the positive of the 
second, and the negative of the second to the positive of the third, and so 
on until we have only one battery terminal left. This will be a negative, 
and is then connected to the negative terminal of the charger, thus- com- 
pleting the circuit. Care must be taken to use stout, flexible connecting 
links capable of carrying the 8 amps, without heating, and to make good 
tight joints to prevent sparking. As the batteries give off highly inflam- 
mable gas towards the end of the charging period, the importance of this 
precaution cannot he overstressed. It is also a good plan to erect a no 
smoking^ notice in the charging room, and to strictly observe it ourselves. 
Ventilation should not be overlooked ; and is as important to safety 
as to health. 

Switching on the Charger 

Assuming we have now connected all in order, and ascertained the 
charging rate to be 8 amps., we should next see that the charger controls 
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Fig. 17. — ^Two-CERCtriT ba-Teeh-s- chajrqeb. 

Skowing cell grouping to provide suitable charging rates for different sizes of 
batteries, Maximum voltage of charger, 75. 
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4 mT BATTERY 
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Fig. 18. — Two-oibctjit ba-ttbey chabgeb, showino ajv ingenious method of 

GROUPING CELXS OF DIFFEEEIfT CHARGING RATES 

Meter readings as Fig. 17. 
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are in their minimum current positions ; and then switch on. We shall 
probably see a small reading upon the appropriate meter, or none at all. 
In either case, we can ne 3 :b operate the current control, in accordance with 
the instructions issued with the charger, until we obtain the required 
8-amp. reading. By making occasional adjustments just a few times 
during the period of charging, this current can be kept approximately 
constant until the cells are fully charged. 

Calculating the Approximate Charging Time 

We now wish to know for how long the batteries must be left on charge, 
and just how to ascertain when they are fully charged. 

In order to saye the time which would be expended in repeated tests 
throughout the period, we can approximately fix the charging time by 
calculation. The formula for this is : Ampere-hour capacity of the 
battery divided by the charging rate in amperes, equals the time in charg- 
ing hours. Thus, if the ampere-hour capacity is 80 and the charging rate 
8, the approximate charging time will be 10 hours. The ampere-hour 
capacity of the battery may be ascertained from the maker, if the informa- 
tion is not marked upon it. 

How to Tell when Batteries are Fully Charged 

It is advised, however, to use this formula only up to a point. To 
ascertain the precise condition of the cells, the hydrometer and the volt- 
meter should be put to use. 

The voltage of each cell should be 2*5 to 2-7. The cells should be 
freely gassing ” or “bubbling,’’ and the specific gravity of the acid 
should agree with the maker’s instructions. Always switch off the 

CHAEOEE BEEOEE DISCONNECTIFU ANY CELLS. 

Series-parallel Method of Connection 

All the preceding remarks have been based upon the batteries in the 
various charging circuits being connected in series, as indicated in Fig. 4. 
Sometimes it happens that we have a larger number of cells than can 
conveniently be connected in series. Supposing, for example, that tiic 3 
plant gives 75 volts. Dividing by 2*5, we see immediately that wo can 
connect up to 30 cells in series. It might be that we have a plant with a 
capacity of 4 amps, on one charging circuit, and we might have, say, 
60 cells which we would like to connect to this circuit and of which the 
charging rate is, say, 2 amps. 

It is quite possible to do this by using what is called tlie series-parallel 
method of connection. Tliis simply means that we make up two groups 
of cells in series, in oiir case with 30 cells in each group. Wc connect the 
positives ol the two grou])s together and the negatives of the two grou[)s 
together and then connect to the positive and negative terminals of tlie 
charger. Tigs. 6b-c, 17 and 18 show various series -parallel arrangements. 
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It must be remembered that tbe total mimber of cells in each of tlie 
groups must be the same. Furthermore, the total current which you take 
from the charger will divide between the groups. lu other words, if we 
connect the 30 cells mentioned above with a charging rate of 2 amps., we 
set the resistance on the switchboard to give 4 amps., and this will be 
divided approximately between the two groups and 2 amps, will flow in 
each group. We can have more than two groups, say three, four, or more, 
and the current will divide according to the number of groups we con- 
nect. The niimber of cells in each group, however, must, as previously 
mentioned, be the same. 

We cannot control the charging rate of each group of batteries forming 
a series -parallel circuit. We have no resistance in the various groups to 
do this ; all we can do is to control the current flowing into the groups as 
a whole. Actually, the current which will flow in the various groups 
depends entirely upon the condition of the cells in these groups. This is 
a drawback in practice, because if the cells in one group are low they will 
take a heavier current than those in another group where the cells happen 
to be in good condition. One very suitable way of overcoming this 
difficulty is to use a separate shding resistance with self-contained am- 
meter. This small portable resistance and ammeter can usefully be 
attached to any group of cells in a series -parallel circuit and individual 
adjustment of the charging rate conveniently made by adjusting the 
sliding resistance. 

Care of the Battery 

Before returning the battery to the customer, it should be wiped clean 
and dry, afterwards the terminals should be painted over vdth a liberal 
treatment of Vaseline and the residue carefully wiped away. This will 
prevent corrosion and ensure that when next the battery comes into the 
station for attention, it will be in a fit state to handle. 

Bo not leave a battery for long in a discharged condition. This causes 
tbe plates to sulphate. Bo not use a battery whose voltage has fallen 
below 1'85 volts, or whose acid gravity is below the discharge figure of the 
maker, or expensive damage may result. Bo not allow the acid level 
to fall below the tojj edges of the plates. If below this level, replenish 
with distilled water. Never use tap water; it contains impurities, and is 
usually somewhat alkaline in nature, thus lowering the gravity of the 
acid. Do not strengthen the acid just because it is weak. Find out, 
first, whether tbe battery is discharged, in which case the weakness is a 
normal condition and will strengthen itself during charging. Finally, 
never place a battery on charge the ‘‘wrong way round ” or it will be 
ruined. 

Provided the foregoing advice is observed, especially regarding 
cleanliness, there is no reason why the operation of the charging station 
should be anything but a profitable and interesting occupation. 

M.Jl-0. IV-— 4: 
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Fig. 19. — CONSTAN'T-POTENTIAL MOTOR'GENERA’l'OH OHABGINa PLAIMT 


CHARGING BY THE CONSTANT-POTENTIAL METHOD 

Eor constant ■'potential battery cliarging, a motor generator or coiri'- 
inutating rectifier supplying a constant voltage is used. Instead of 
connecting a large group of batteries in series across the circuit, we take 

6- volt or 12-volt car batteries, or groups of 3 or 6 radio cells, and connect 
tbem straightaway to long copper bars (busbars). These busbars are 
supplied with direct current from the motor generator or commutating 
rectifier, which gives a comparatively large current output and has a 
voltage that remains constant under all load conditions. There are both 
2“ and 3-busbar sets. The 2-busbar set has only one voltage, either 

7- J or 15 across the busbars. The 3-husbar set has two voltages, 
7|- across the centre and either of the outer busbars and, 15 across the 
two outers. The voltage is controlled within limits by a 

jsist'^ 


Connecting the Batteries for Charging 

A 6-volt battery fully charged will read 7-| volts, while a 12-volt 
battery will read 15 volts. Now, the voltage at the busbars should be set 
to 7| or 15, as the case may be. All you actually do is to make up your 
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cells in 6- and 12-volt 
units, of either three or 
six 2-volt cells in the 
ca,seof radio batteries or 
6- or 12-volt car-starter 
batteries, and connect 
these cells to the bus- 
bars by means of wires 
having quick -grip con- 
nectors. The positive 
of the battery goes to 
the positive busbar and 
negative of battery to 
negative busbar. 

Fig. 20 is a diagram 
of a constant-voltage 
generator "with switch- 
board and two copper 
busbars to which bat- 
teries in 12-volt units 
are connected. The 
dynamo has a given 
output in amperes at a 
fixed constant voltage 
of 15, the regulation 
being constant between 
no-load and full load. 



Fig. 20. — Layottt of a constaj^t-toltage motor 

aENBRATOH WITH SWITCHBOARD AND ITS TWO COPPER 
BUSBARS TO WHICH BATTERIES INT 12-VOET UNITS ARE 



A motor -generator 
with three busbars is 
illustrated in Fig. 21. 
The bars give three 
separate charging cir- 


Fig. 21. — A CONSTANT-VOLTAGE CHARGING ARRANGEIEENT 
PROVIDING A COMBINATION OE TWO VOLTAGES BV THE 
USE OE THREE BUSBARS 

Three nuslDars give three separate charging circuits, 
two at 74 volts and. one at 15 volts. 


cuits, two at volts and one at 15 volts. Batteries , assembled in 6-volt 


units, are connected across either the positive busbar C and the positive 
and negative busbar^ or, alternatively, between the positive and negative 
busbars B and the negative busbar A. 

In both cases you connect your 6-volt batteries across the two points 
which give a voltage of 7J, and they are connected to positive and negative 
points in each. case. Batteries in 12 -volt units are connected across 
positive busbar C and negative busbar A, again across two points which 
are positive and negative respectively, but wdiich, in this case, give 
15 volts. The batteries connected to busbars A and B should he as nearly 


as possible the same as across busbars B and 0. The two ammeters 
which indicate the charging current on each side of the system make it 
convenient to obtain the closest possible balance. 
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How the Battery is Charged 

Assume that we have a constant-voltage plant giving 15 volts, let us 
see what happens if we connect a 12-volt battery to the 15 volts. The 
current that will flow through each cell is equal to — 

Voltage of circuit (1 5) — v oltage of cell 
Resistance of cell 


Assuming the voltage of each cell of the battery in its discharged condition 
to he 1*8, the total voltage of the 12-volt battery will be 6 x 1 *8 = 10 *8. 

Assuming the resistance of each cell to he 0*025 ohm, the total resist- 
ance will be 6 X 0-025 =0*15 ohm. 

The current flowing at the start will be — 


15 - 10-8 


4-2 


28 amps 


At first sight it may seem wrong for a battery with a nominal charging 
rate of, say, 8 amps, to be connected to a circuit from which it takes 28 
/ or more amps. It is possible, however, to send almost any current into 
I a battery when it is first connected so long as the temperature does not 
I rise above 100° F. This charging rate does not last long, for immediately 
’ the terminal voltage of the battery begins to rise as the battery becomes 
charged the charging current decreases automatically. 

. After a short time, say half an hour, the voltage of each cell becomes, 
say, 2*1, maMng a total of L 2 - 6 volts . If the 1 5 volts is kept constant, the 
current will be — 

15-12*6 2*4 


After, say, 1 hour, the voltage of the cells will be, say, 2-2. The 
current will then be — 


15-13*2 1-8 

0-15 ”0-15 


12 amps. 


After, say, 4 hours, the voltage of the cells will be, say, 2-4. The 
current will then be — ■ 


15-14-4 0*6 

0-15 = 

At the end of the charge the voltage of the 12-volt battery will be 
15. This is equal to the voltage of the plant, also 15 volts, and conse- 
quently no current will flow. Actually, in practice, ca very small euiTent 
flows in this condition. 


A Typical Constant-potential Set 

The actual arrangement of a constant potential charger will be made 
a little more clear by a study of the illustration in Fig. 19. 

This shows an actual constant -potential set installed. The arrange- 
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ment is similar to a mo tor-generator. You liave a motor operating from 
the supply wkich. drives a E.C. generator. The generator has two com- 
mutators, each commutator gives 7|- volts, and the are joined in 
series exactly as in Fig. 21, giving the two separate 7^- and 15 volts which 
are applied to the busbars. 

The switchboard which controls the plant is fitted Arith tiro ammeters 
and a voltmeter which measures the total voltage of 15. The ammeters 
register the current taken by each half of the busbars, i.e. each 7 |-volt 
section. It will be noted in Fig. 21 that two automatic cut-outs are 
fitted. The function of these cut-outs is merely to disconnect the batteries 
from the machine should the plant shut down through failure of the 
supply. Figs. 8 and Sa illustrate examples of constant-potential sets, 
incorporating commutating rectifiers. 

The arrangement of the busbars will be clear from the illustrations, 
and it will be seen that they are mounted over the charging bench and the 
batteries are connected to the busbars by ordinary charging leads. 

In practice constant -potential sets, such as are illustrated, are supplied 
absolutely complete, including the motor and constant-potential dynamo 
on bedplate, switchboard, busbars, insulators Avhich hold the busbars, 
and all the actual charging leads required. 

Charging Discharged Battery in Eight Hours 

By this method of charging it is possible to charge fully a healthy 
discharged battery in eight hours. If, however, you were to connect a 
battery to your C.P. set and there happened to be one cell short-circuited, 
then, supposing the battery was a 12-volt, its maximum voltage would be 
only 10 or 12-5 fully charged. 

In these circumstances the C.P. set wuuld continue to pump a heavy 
charge into the battery when the good cells Avere fully charged, oA^dng to 
the difference in voltage between the busbars and the battery terminals, 
namely, 12| volts against 15 volts. Under these conditions the battery 
would severely overheat, and damage might also result to the good cells. 

Batteries that are Badly Run Down 

^Similarly, with a battery w'hich is badly run doAvm or which is un- 
healthy the back-E.M.F. when it is first connected will he considerably 
lower than normal. The difference in voltage will, therefore, he high 
and the charging current will be high in proportion. This high current 
would result In an excessi\^ely high battery temperature and would harm 
the battery. We can ahvays reduce the charging current fiowing through 
a battery by reducing the voltage applied to it. If, therefore, we reduce 
the 15 volts for any particular unhealthy battery or batteries, we auto- 
matically reduce the current. 

This is done in practice in a very simple manner by providing special 
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leads by whicli the batteries are connected to the plant, these leads 
incorporating a sufficient amount of resistance to reduce the initial 
current to a suitable value, which in practice is 10 or 20 amps., depending 
upon the actual battery. 

Charging New Batteries 

Always charge new batteries by the series method. If you have a 
‘'series ” charger, connect them to the plant in the ordinary way and 
keep the charging current at the rate given on the battery labels “ for 
first charging.” You can charge a new battery by the series method with 
a constant -potential plant while other batteries are still being charged by 
the constant -potential method. This is provided for by the variable- 
resistance leads, which enable you to put any required current into a 
battery for any length of time, and an ammeter should be provided with 
the plant to enable you to read the current going into a battery. .Always 
follow the maker’s instructions very carefully when giving a battery its 
first charge. 

Repaired batteries need the same treatment as new batteries if the 
negative plates have been discharged by letting them stand in air. On 
completing the charge of repaired batteries particular attention must 
be paid to the electrolyte, as this is apt to vary considerably at the con- 
clusion of the charge when the old negatives are replaced. 



HOBSON TELEGAGES 

NOTES ON OPERATION AND SERVICING 


OBSON telegages are employed for indicating the petrol level in 
I the fael tank, the engine oil pressure, and the cooling-water tem- 
perature on dashboard instruments. Electric-tvpe telegages are 
used for all these purposes, while pressure -type telegages are used for fuel- 
tank level indication. 

ELECTRIC FUEL-LEVEL TELEGAGE 

The Hobson electric K-S fuel-level telegage system consists of three 
parts— the tank unit (which, is called the sender ”), the instrument unit 
(called ‘‘ the receiver and the single wire connecting them. 

The Controlling Element 

The controlling element of both the sender and the receiver is a bi- 
metal strip, the bending of which, when heated, is utilised for operating 
the gauge. 

The bi-metal strips in both the sender and receiver are similar — ^tliat 



1.— The position of ail parts of electric fu-el-CtAUoe system tank 

IS EMPTY 
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Fig . 2. — Position- of ali parts of ehectrio fuel-gauoe system when tank is ftjlt 

is, each will bend the saline amount when heated to the same temperature. 
In order to heat both to the same temperature, each has an electrical 
heating unit wound around it. As will be seen in the diagram, these 
heating units are connected in series and the current flows from the battery 
through the receiyer, then through the sender to the earthed contact, and 
the circuit is completed through the car frame back to the battery. The 
same current which passes through the receiver must also pass through 
the sender, so that both bi-metals will he heated the same. 

The bi-metal in the receiver is anchored at the top, and the bottom is 
connected by a link to a pointer. Heating the bi-metal will cause it to 
bend to the right, and this movement, amplified by the linkage, will be 
transmitted to the pointer, moving it to the right. 

The bi-metal in the sender is also anchored at the top, and evarries a 
contact point at the bottom. When this bi-metal is heated, it movies to 
the right, away from the earthed point, and breaks the cireuit-. 

How the Telegage Works— Tank Empty 

Tig. 1 shows the position of all parts of a fuel -gauge system whem tlie 
tank is empty. When the current is turned on, it will lieat both ih-mctals 
just sufficiently for the contact point of the sender to move away from tlic 
earthed contact. The actual movement necessary to lireaktlui (breuit in 
the sender is so small that the movement of the [ lointer is not notic eable. 
As soon as the circuit is broken, the bi-metals begin to cool and straighten 
so that the contact is again made. This jn’oeess of making and bi*eakiiig 
contact continues from 60 to 100 times a minute, the bi-metal being 
alternately heated and cooled, but to the eye, the pointer on tlie dial is 
steady. 
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H 16 H CMt WteSSUI 

fig . 3. — Sen-der unit oe ak exectrig on pressure telegage 

Tank Full 

Fig. 2 shows the position of the parts w^hen the fuel tank is full. The 
float has moTed upwards and, through the action of a cam, has pushed the 
bottom of the rod, on which the point is mounted, to the left, and the point 
has moved to the right, this movement being made possible mounting 
the rod on a hexihle diaphragm. With the earthed point moved to the 
right, it will require more heat to bend the bi-metal in the sender enough 
to move the contact point away from the earthed point and break the 
circuit. The same current, however, that heats the sender hi -metal is 
also heating the receiver hi -metal and it likewise bends more, moving the 
pointer to the right. As soon as a sufficiently high temperature is reached, 
the points open and close alternately, maintaining this temperature and 
keeping the pointer steady at ‘ ‘ full ’ ’ on the dial. 

With the float in any intermediate position, the earthed point would 
assume a similar intermediate position, and the temperature of the bi- 
metals at which the contact was broken w^ould determine the position of 
the pointer on the dial. 

Since this gauge depends entirely on temperature for its operation, a 
change in voltage in the system does not affect the gauge reading. A 
higher voltage will show a change in fuel level faster, hut the final reading 
will he the same. The pointer is not affected by jolting of the car, since 
it is constantly held in position by the bi-metal. 

Since it takes approximately 15 seconds for the gauge pointer to change 
from ‘‘ Empty ” to “ Eull,” bobbing of the float is not registered. The 
actual reading in case of a bobbing float'is the average level of the float, 
which is the actual level of the fuel in the tank when at rest. 

The only parts susceptible to deterioration in the entire system are the 
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conta/ct points. Since the maxi- 
mum current flowing while the 
points are in contact is only 
three -tenths of an ampere, the 
life of the points is of little 
concern. 

ELECTRIC OIL-PRESSURE 
TELEGAGE 

The method of operation of 
this device is almost identical 
with that of the fuel- level 
instrument, except that the 
sender instrument has its dia- 
phragm suhjected to the engine- 
oil pressure. The diaphragm is 
deflected more or less, depending upon the oil pressure, and this in turn, 
Tby varying the degree of vliich the bi-metal strip is Lent, gives a correct 
reading on the receiving instrument. Fig. 3 shows the sender unit. 

ELECTRIC WATER-TEMPERATURE TELEGAGE 

With these devices the sender instrument consists of a watertight plug 
which is fixed in some convenient place in the outlet of the cooling system, 
and which inside it contains the hi-metal strip. This deflects to a degree 
depending upon the temperature of the surrounding water, and the receiv- 
ing unit records in the same fashion as the preceding two, except that its 
dial is marked off in degrees of temperature. This instrument will stand 
a temperature of 275° E. without damage, and possesses all the advantages 
of the preceding instruments in the way of ease of assembly and silence. 
Fiof. 4 shows the sender unit. 

SERVICE INSTRUCnOlVS FOR HOBSON ELECTRIC TELEGAGES 

The instructions below apply to all three types of electric gauges. To 
simplify matters, the instrument panel units are referred to as '‘receivers,” 
and the petrol tank unit, oil unit, and radiator unit, as “senders.” 

Receivers of one type are not interchangeable with those of another 
type. This also applies to the senders, A receiver of one type can be 
used for checking another receiver, Irowever, and the same applies to 
senders. 

Necessary Equipment for checking an Installation 

(1) One extra receiver (preferably petrol). 

(2) One extra sender (preferably petrol). 

(3) Two 4-ft. lengths of insulated wire equipped with clip terminals 
at each end. 

Do not replace any unit until standard tests have been made which 


TEMPER ATURE OPERATED^ BIMETAL 



Fig. 4. — Sendeb unit oe elegtbic wa.ter- 

TBMPERATURE TELEGA.6E 
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definitely pro'v^e it to be defectiye or damaged. Handle all units carefully. 

Never subject a gauge unit alone to the full 6-Yolt current beyond 
three-quarters of its scale reading, as this will burn out the heater coil. 

To check Sender 

(1) Disconnect wire at sender and connect it to extra sender. Earth 
extra sender to car frame and turn on ignition switch. 

(2) Move float of extra sender from empty to full position and watch 
action of the receiver while doing this. (Allow 10 to 15 seconds for 
receivers to read full scale.) 

(3) If receiver registers correctly with extra sender, then— 

(a) Original sender is improperly earthed (because of paint or 
grease), and this must be corrected, or — 

(b) If car is radio -equipped, the condenser attached to sender may 
be “ shorted.” This Avould cause over-reading whenever ignition 
switch was on. Condenser can be checked by disconnecting wire 
leading from it to sender. If gauge operates correctly T^uth con- 
denser disconnected, then replace condenser. 

Use only Dubilier condensers No. 43-5 type A ” of *05 micro- 
farad capacity. Any other may damage the gauge system. 

(c) Original sender is damaged or defective, and must be replaced. 

(4) if receiver performs the same with extra sender as it did with the 
original sender, then check wiring. 

To check Wiring 

( 1 ) If wire connecting sender to receiver is broken or earthed, repair 
or replace. 

(2) If both wiring and sender check correct, then check the receiver. 

To check Receiver 

(1) Disconnect wires from receiver and attach to extra receiver. 
Turn on ignition switch. 

(2) If extra receiver reads correctly, then replace receiver. 

(3) If extra receiver reads the same amount as original receiver, then — ■ 
, {a) Previous checks were not properly made, ox — 

(b) Installation was correct to begin with. 

All gauges are 6-volt, so the resistance fitted at side of receiver 
when circuit is 12-volt should on no account be removed. 

Routine for checking Oil Pressure Telegage 

When checking the oil pressure telegage, the following routine may be 
used : — 

(1) Short the engine unit (sender) by earthing the wire leading to it. 

(2) Turn on the ignition switch, and if the receiver now registers, 
then it and the wiring are correct, and the sender is the cause of the 
trouble. 'Replace with a new unit. (This test should be only a momentary 
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one, as the full 5 
volts of the elec- 
tric system are 
imposed on the 
instrument, and it 
will burn out if 
Hid tested like this for 
any period.) 

(3) If the re- 

Air ChamlDer Ceiver fails to 

register -with the 
sender shorted and 

Fig, 5. SlMFLU TELEGAGK IK OFEBATIOK TANK EMPTY ignltiOH SWitch 

on, then the wiring 
and connections should be 
carefully checked. If no 
fault can be found with 
these, replace the receiver 
unit and check once more. 

HOBSON K-S PETROL 
TELEGAGE (PRESSURE 
TYPE) 

The Hobson K-S petrol 
telegage (pressure type) 
(consists of three units 
Fig . 6.— Simple telegage in operation -tank full —the head, tank lUiit, and 

airline. In operation the 
air tuhe and air chamber of the tank unit, and the air line connecting the 
tank unit to the head, are filled with air (Fig. 5). 

Operation 

When the tank is filled the petrol tries to rise to the same level in tlie 
tank unit as it is in the tank, but cannot because of the air tni{)])ed bet ween 
the bottom of the tank unit and the liquid in the head. The | )etr( )l trying 
to get into the air chamber presses on the trapped air and this [)rcssur-e is 
transmuted through the air tube and air line to the head on tlio instrument 
board, where it is recorded by the rise of the red liquid in the glass t ube 
(Fig. 6). ^ 

It can be seen from Fig. 6 that the oi)eration of the telegagc^ <kq)en(ls 
upon air being trapped securely in the tank unit and air line. A loose 
connection would permit the traf)ped air to escape, and the petrol would 
rise in the tank unit to the same level as in the tank. Thc3re woidd also 
be no pressure on the liquid in the head unit and the lirpiid would fall to 
the bottom mark on the dial regardless of how much petrol there was in 
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the tank. The connection can 
be tightened, but the bead 
unit “will not register correctly 
until the tanb unit has been 
cleared of petrol and again 
filled with ail. This is done 
by the surge of petrol as 
explained below in the descrip- 
tion of the tank unit. 


The Tank Unit 

The tank unit (Tig. 7) 
sbo-ws the air tube and air 
chamber which must always 
be filled with air. The petrol 
tries to enter through hole G 
and thus presses on the 
trapped air. This is the only Fig. 7.— The tank unit 

part of the tank unit that 

has anything to do with the reading of the gauge. 

The vent tube, open at the top, is a safety device which protects the 
gauge against high pressure. It does not enter into the operation of the 
gauge in any way. 

The remainder of the tank unit, that is, the air cup and air delivery 
tube, act only as a means of supplying air to the air chamher. This is to 
overcome the loss of air due to absorption in the petrol and contraction 
due to a sudden drop of temperature. 

The air supply mentioned above is obtained by using the movement of 
petrol in the tank. When the air cup is above the level of the petrol it 
is constantly being filled by the surge and splash when the car is in motion. 
This petrol runs through the drain hole D and down the air delivery tube, 
drawing with it a few bubbles of air. At the bottom of the tube the air 
bubbles out and rises under the air chamber. It enters the air chamher 
through hole <7, and displaces any petrol which may be there. When the 
air chamber is full of air these bubbles simply pass off' and are not used. 

The Head 

The head, shown in Fig, 8, is mounted on the instrument board. It is 
simply a U4ube containing a special heavy, red liquid. (Hobson’s K-8 
liquid is used because of its specific gravity and other characteristics. 
Ac other will do.) The front half of the TJ -tube is a glass tube open at the 
top. The back half is a brass tube. The calibrating wires are essential 
for accurate operation. They compensate differences in glass tube 
diameters, and the correct amount is inserted in each head at the time of 
manufacture. They should therefore not be interfered with. 
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The Air Line 

The air line is simpty a hollow tube 
which, connects the tank unit with the 
head. Any pressure which comes through 
the air line will press the liquid down- 
ward in the brass tube and upward in 
the glass tube. In fact, the dilference in 
levels of the liquid in the two tubes is 
an exact measurement of the pressure 
coming through the air line, and hence 
records the depth of petrol in the tank. 
By marking the dial in gallons an exact 
reading in gallons is shown on the instru- 
ment hoard. 

To have the gauge read correctly, three 
things are necessary : 

(1) The red liquid in the head must be 
set at the bottom line of the dial when the 
air line is disconnected, and hold the 
setting. If the head shows a leak and will not hold setting, it should be 
replaced. 

(2) The air system must he free from leaks or obstructions. The most 
common obstruction is petrol which, however, can only be driven into the 
line when there is a leak or connections are not 'properly made. Petrol, 
being a moving obstruction, will cause a very erratic reading of the 

(3) The tank unit must supply air by the surging of the petrol, as 
described above. When you have these conditions and the gauge is 
reconnected the liquid in the head will rise when the car is being 
driven and will continue to rise until it records the true contents 
of the tank. Stopping, starting, and turning of corners will hasten 
this action. After this the gauge will not again lose its reading unless 
disconnected. 



SERVICING PRESSURE-TYPE TELEGAGE 

Servicing a telegage is easy provided the following instructions are 
closely followed. The use of any other method will produce no results. 

The gauge head must not be removed from the instrument board, 
and no unit must be changed until you have followed all instructions. 

Make these Checks First 

(1) Remove Tank-filler Cap. On cars where a vent-hole in filler cap is 
necessary, see that it is free from dirt and open. Do not replace filler cap, 
or drain petrol tank. 
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(2) Try Tank JJ%il Connection to be Sure it is Tight Use a second 
spanner to preTent tube from twisting. 

(3) Disconnect Gauge Line {Air Line) at Front End Only, 

Red Liquid must now read even with Bottom Line of Dial Add or 
remote liquid as required at top of brass tube where air line was dis- 
connected. Use a medicine dropper to add liquid ; use a match to absorb 
some. Be careful that match does not pull out any shims (small wires) . 
Fever loosen locknuts to moYe brass tube up or down. 

If dial or paper -reflector bach of glass tube is stained at the bottom, 
install a new complete gauge head. 

Use only Hobson K-S Telegage Liquid — 7io other will do. 

(4) Dry Air Line, Follow exactly or no results will be obtained. 

(a) Use a good motor hand tyre pump. (Ne^er use compressed 
air.) 

(b) Remove metal tip from tyre pump hose. 

(c) Push hose securely over front end of line. 

(d) Give at least fifty full continuous strokes . 

(5) Reconnect Air Line, making Tight Joint. 

(6) Replace Tank-filler Gap, 

You are now ready to make a test to see if the trou ble has been cor- 
rected. 

Test 

Determine whether you can bring gauge up to j^roper reading by 
supplying air to the tank unit. 

If the petrol-feed pipe is in tank unit, disconnect the petrol-feed line 
from the top of the vacuum tank or petrol pump, and blow with the 
mouth through this line into the petrol tank. 

If the petrol-feed pipe is not in tank unit, drive the ear until the red 
liquid no longer rises. A correction cannot be made if the tank is more 
than three -fourths full. 

If the reading now stays set with the car stationary, then the telegage 
is correct and the job is completed. 

If, however, you cannot get a reading by driving or blowing back 
through the petrol-feed line, or you can get a reading, hut it will not hold 
for an hour with the car stationary, then there is a defective unit to be 
located by following the repair instructions below\ 

Repair Instructions 

To determine whether the failure is in the air line or tank unit. 

(1) Disconnect the air line front and rear. 

(2) Inspect cones and seats for dirt or flaw^s. 

(3) Flow out air line (see Check 4 above), and test for a leak. Place 
finger over one end and suck on the other end. If the suction created 
will hold the tongue for one minute the Hne is sound. 
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(4) If tlie air line shows a leak, or is blocked, it mast be changed. 

(5) If the air line and connections prove correct, the defect is in the 
tank unit, which must be changed. 

Caution 

Defective tank units are very rare ; therefore, inspect carefully tlio 
gauge head, air line, and connections, as the trouble is more likely to be 
in one of these units than in the tank unit. 

It is frequently thought that the calibrating wires are for the purpose 
of regulating the height of the liquid when replenishing. This is incorrect. 
They are solely for the purpose of cahhrating the unit when manufac- 
tured, as stated above. They must neither be removed nor added to on 
any account. When the unit is overhauled for any purpose, these wires 
should be cleaned from any corrosion so that their correct value is 
restored. 

Other types of eleetrically-operated petrol-level and oil-pressure gauges 
are dealt with in another section of this volume. 
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N the days when petrol tanks were fitted behind tlie dashboard and 
at a height above the carburettor, it was a simple matter for the 
carburettor to be kept continuously supplied with fuel by means of 
gravity feed. This position of the petrol tank ras dangerous for 
the passengers in the event of an accident causing a fire, and it also 
interfered with the designers’ progressive attempts to smooth out the 
lines of the bodywork. The ultimate position of the tank was either 
at the rear of the car or under one of the seats, but these positions were 
at a lower level than that of the carburettor, so that gravity feed was 
out of the question. This new position, then, necessitated some form of 
forced feed or else a method whereby the petrol can be lifted up to a 
level above that of the carburettor. Various methods have been adopted 
to achieve this, and one of the better known was by means of the Autovac. 

THE AUTOVAC 

This method makes use of a small tank fitted underneath the bonnet 
hut above the level of the carburettor. The top of this tank is comiected 
to the main petrol tank by a copper pipeline. The bottom of the Autovac 
is connected to the carburettor in the same way, so that if this tank is 
kept supplied with petrol from the main tank, the carburettor will be 
fed by gravity. But since the Autovac is above the level of the main 
tank, some means must be applied to force the petrol from the main tank 
to the Autovac. This is achieved by applying a suction to the Autovac 
by connecting the top of tliis to the induction side of the engine. 

How it Works 

By referring to the layout of the Autovac, it will be seen that the 
tank consists of two containers, an inuer or vacuum chamber and an 
outer or gravity feed chamber. Inside the inner chamber is a float, 
which is connected by a rod to a fulcrum arm which operates the air 
valve and the suction valve. At the bottom of the inner chamber is a 
petrol-release valve. With the engine running, a vacuum is applied to 
the inner chamber which causes petrol to be drawn from the main tank. 
As the inner chamher becomes filled with petrol, the float rises, causing 
the fulcrum at the top to close the suction valve and to open the air 
valve. The collapse of the vacuum allows the weight of the petrol to 
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force opea the petrol- 
release valve at the 
bottom, the petrol then 
flowing into the outer 
chamber and thence by 
gravity feed to the car- 
burettor. With the 
emptying of the inner 
chamber, the float 
drops, the vacuum valve 
opens, and the air valve 
closes, thus allowing the 
above cycle of events 
to be repeated. 

Maintenance 

This fuel pump is 
very reliable and, needs 
very little attention, 
but the following points 
should be observed. 
All pipeline connections 
must be kept tight, as 
the smallest leakage will 
prevent a vacuum being 
formed. This also 
applies to the top plate 
of the Auto vac, and if 
this is removed at cany 
time it is important not 
bH,j. A-utoyac, intkbmal damage the cork 

packing and to see that 

no dirt is between the packing surfaces when reassembling. It must also 
be replaced in the same position, otherwise the air transfer hole will be 
blocked, resulting in a inysteiions failure. 

Cleaning Required 

The petrol strainer situated on the top of the Auto vac, in tlio main 
supply coupling should occasionally be removed and wa.shcd in (dean 
petrol, and the gauze dabbed with a stiff brush to roinovui dirt, . b('c that 
the air vent in the main tank is open, otherwise tiic suction may 
cause the collapsing of the tank. Occasionally clean tlie faces of tlic 
valves, since any duff or dirt on them will prevent the pump from 
worldng. 
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MECHANICAL PUMP 

A very popular type of pump is the pressure pump which is 
mechanically operated by the engine. The engine must be specially 
designed to take the pump, since this is operated by means of a cam on 
the engine camshaft. Projecting out of the side of the pump is a lever 
■which rests on the cam, so that the eccentricity of the cam forces the 
lever up and down. This movement transfers the pumping motion to a 
diaphragm made of petrol-resisting material to maintain a pressure of 
approximately 2 lb. per square inch. Above the diaphragm is a fuel 
chamber having a suction valve and a dehvery valve. When the engine 
cam operates the pump lever, the diaphragm is forced downwards and 
produces a vacuum or suction action in the fuel .chamher. 

What the Vacuum Does 

This vacuum draws the delivery-valve disc on to its seating, and at 
the same time the suction-valve disc is drawn off its seating. The 
vacuum is then displaced by petrol drawn in past the open suction 
valve. On the return stroke the diaphragm is forced upwards, and the 
pressure on the petrol in the petrol chamher forces the suction-valve 
disc on to its seating whilst the delivery valve disc is forced off its seating, 
allowing the petrol to. pass out on its way to the carburettor. 

Precaution to he Taken 

With one type of this pump it is possible to fit the pump on the 
engine with the lever under the cam instead of at the top. With the 
pump in this position, the engine will not start, but the lever is liable to 
be broken, so care is required to see that the lever is in its correct position 
in relation to the cam before attempting to start the engine. 

Testing the Pump 

To test this type of pump, a fuel-pump test stand is available, which 
comprises a cast-iron upright stand with a pressure gauge reading up to 
either 8 or 10 lb. per square inch ; two short lengths of rubber hose, 
complete with couplings ; a glass sight gauge ; a stopcock and two 
lengths of copper pipe. The stand is fixed to the bench, and directly 
underneath it is placed a liquid container, such as a 2-gal. petrol can 
with the top removed. One length of the copper pipe is connected to 
the left-hand coupling on the stand, and the other end of the pipe is 
located almost at the bottom of the petrol can. The other length of the 
copper pipe is connected to the right-hand coupling of the stand, and 
the other end of this pipe also leads down to the petrol can, but need not 
reach the bottom since it is only the return pipe (see Fig. 2). 

Don’t use Petrol 

The can under the bench is filled with paraffin, since petrol is too 
dangerous to have about in open containers. The pump to he tested is 
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Mg. 2. — Test stand for Boa:H EiBCTRicAiiLY’ and mechanically orisitATED pumts 

fitted on the stand by means of the -wingmits prov'ided, selecting the 
fixing holes in the stand to suit the holes in the flange of the pump. 

Connecting the Pump 

The outlet side of the pump is connected to the right-hand coupling 
of the stand by means of the short length of rubber hose. This side 
leads to the glass sight gauge. The inlet side of the pum j) is connected 
to the coupling on the left of the stand. It is essential tiiat all of these 
connections are made airtight, otherwise misleading results will be 
obtained and the pump may not work. 

Testing the Pump 

To test the pump, the operating lever is given three or four strokes, 
when the pump should prime. The pump should be self-priming, and 
should not need priming from an outside source. Another ten or twelve 
strokes of the lever should cause the pump to deliver fuel. This can be 
checked hy looking through the sight glass. After this test, a pressure 
test is next given. 
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Test for Pressure 

The cock below the sight glass is closed and the operating lever 
depressed until a pressure of from 4 to 6 lb. per square inch is indicated 
on the gauge. The pump should be capable of holding this pressure for 
several minutes -without much fall of pressure. 

Another method of testing is hy means of the A.C. Test Gauge, full 
particulars of which are given elsewhere. 

If Pressure Falls 

A rapid fall of pressure indicates an air leak or faulty valves, and to 
locate the source all connections should be tried for tightness. After 
testing, the inlet coupling is removed and the pump is tilted so that the 
paraffin in the pump will drain out ; a few strokes of the pump lever 
•vill soon empty out all the paraffin. 

This type of pump can be fitted below the carburettor, thus permitting 
down-draught carburettors, which are fitted high up . 

ELECTRIC PRESSURE PUMPS 

The S.U. Pehrolift 

The trend of present-day progress seems to point to having everything 
on the car electrically controlled. This relates to petrol pumps, which 
are operated solely by the current from the battery and they are wound 
to operate from either 6- or 12-volt circuits. One of the hest loiown of 
these pumps is the S.U. PetroKfb. Its action is a reciprocating motion 
of a plunger in the centre of a solenoid coil. This coil is connected across 
the car battery, and the circuit is completed by way of two contacts which 
are magnetically operated by two permanent magnets (see Fig. 3) . 

Action of the Pump 

The working of the pump is as follows : The plunger is of brass, with 
an iron ferrule at its upper end. The rocking make-and-hreak action 
of the two contacts is operated hy means of tw’o U-shaped permanent 
magnets. One of the magnets is close to the top of the contact rocker, 
and the other magnet is near to the bottom of the rocker. When the 
plunger is at the bottom, the iron ferrule is across the two poles of the 
lower magnet, thus causing the top magnet to draw the top of the rocker 
towards it. This brings the two contacts together and the circuit 
through the solenoid coil is completed. The energising of the coil 
draws the plunger up the barrel, and the position of the iron ferrule is 
changed from the lower magnet to the top magnet. This will also change 
the pull on the contact rocker from the top to the bottom and the contacts 
will be opened. When the contacts open, the circuit through the solenoid 
coil will be broken and the plunger will drop. But as soon as this occurs, 
the top magnet becomes free and draws the two contacts together again, 
and the above action is repeated. 
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Fig. 3 . — Tjhe S.TJ. Petbolift 

Showing internal construction with the parts in their order of a.sscnibly. Thf! action 
of the punap is by means of tli© to and fro motion of the plunger in the centre of the 
solenoid coil. The coil is connected across the car battery and the circuit is completed by 
way of two contacts which are magnetically operated by two peinnanent rnagnet.s. 
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How the Petrol is Controlled 

The reciprocating motion thus set up causes the petrol to he sucked 
up through two valves into the llollo^r stem on its to the float 
chaniher at the top of the pump. From here it is gravity fed to the 
carburettor. When the float chamber fills up faster than the carburettor 
can deal with, the pumping action is automatically stopped- This is 
brought about by means of a hairpin loop fastened to the cork float. 
When the float is at the top — that is, when the chamber is full of petrol — 
the hairpin loop holds up the plunger, and the iron ferrule continues to 
short out the poles of the top permanent magnet, thus causing the 
contacts to remain open until such time as the petrol is used up and the 
float drops. 

To Stop Sparking at Contacts 

To suppress the sparking at the contacts at break, a non-inductive 
resistance is placed across the winding and contacts to absorb the 
inductive voltage. 

Servicing of Pump 

There is very little to go wrong in the working of the pump, and the 
only trouble hkely to occur is the sluggish action of the plunger through 
sticking, and the choking up of the filter which is situated at the bottom 
of the pump. After servicing the pump, it will be necessar}^ to prime 
it by pouring petrol in after removing the top. 

The S.U. Electrical Pressure Pump 

Another type of electrically controlled pump which is fitted on present- 
day cars, is the S.U. pressure electrically controlled type of petrol pump, 
and it is of the diaphragm type (see Fig. 4). 

Construction of Pump 

Its action is similar to that of the mechanical pum]>. Whereas the 
mechanical pump has its diaphragm operated by a lever in conjunction 
with the car engine, this pump has its diaphragm operated by means of 
energising a solenoid coil from the car battery. The lower part of 
the pump, which is of brass, is the petrol -pumping chamber containing 
the filter, an outlet and a discharge Vculve, and two couplings. On top 
of this chamber is the diaphragm, which produces the pumping action 
and which also makes a petrol-tight seal between the pumping chamber 
and the electrical portion of the pump. Fixed to the centre of the 
diaphragm, by means of a brass disc at the bottom and a steel disc at 
the top, is a bronze rod whicli passes to the top of the pump and is screwed 
into the contact mechanism. The steel disc also acts as the moving 
armature in conjunction with the pot magnet. Between the pot-magnet 
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Make-and-break Action 

On the top of this housing is a round bahelite moulding or platform 
spaced a distance of | in. above the cast-iron top of the housing l)y four 
bakelite legs. It is for this reason that this hakelite component is often 
called a four-legged stool, Mounted and fixed on to this platform, and 
on to the legs, is the entire make -and -break action. Laid flat on top of 
the platform is a spring strip with a single or a double ccnitact j)oiiit at 
one end, whilst the other end is anchored down by a terminal screw. 
The contact on this spring is facing downwards and is centred over an 
oblong hole cut away in the platform. Underneath the platform and in 
line with this contact is another contact fixed on a rocker arm. The 
other end of this rocker arm is hinged to the outside of two of the four 
hakelite legs. Also hinged to these two legs, but on their inside faces, is 
another rocker arm. In the centre of this arm is a screwed pivot, and 
into this is screwed the bronze rod which passes through the centre of 
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tke magnet and 'wMcli is fixed to the diapliragin. These two rocker 
arms are entirely independent of each other, and to transmit the inove- 
ment of the one with the bronze rod fixed to it, to the other having the 
contact, the two arms are connected together by means of two small 
spiral springs. 

Internal Connections 

One end of the magnet winding is connected to the anchoring 
terminal screw of the top spring contact, and the other end of the magnet 
winding is attached to a long screw which acts as the main terminal and 
which also secures the hakelite cover enclosing the make-and-hreak 
action. To complete the circuit, the rocker arm with the contact is 
earthed to the casting by means of a flexible wire connected to a screw 
which passes through the hakelite platform to the casting. This screw 
and another one on the opposite side of the platform hold the platform 
in its place. 

How it Works 

When the pump is at normal the two contacts are together, and 
when the ignition switch on the car is on,” current passes through the 
magnet winding of the pump, thus energising the magnet core. This 
magnetisation attracts the steel armature, and as this armature is fixed 
to the diaphragm, the diaphragm is moved in the same direction’, thus 
causing a vacuum in the pumping chamber. This vacuum draws in 
petrol through the suction valve into the chamber. Just before the 
armature has completed its journey to the magnet core, the bronze rod 
connecting the diaphragm to the rocker arm throws over the make-and- 
break action and separates the two contacts. The opening of these two 
contacts breaks the circuit through the magnet coil, and by means of a 
spring situated between the armature and the end of the magnet winding 
the diaphragm is forced back to its original position. As it does so, 
the petrol in the chamber is forced out through the delivery valve into 
the carburettor. At the end of this stroke the make -and -"break action 
operates again and brings the contacts together, the action being 
repeated. 

When Petrol is not Needed 

If the carburettor is not in need of petrol, the diaphragm will not 
return fully to the end of its stroke, since it will be pressing on the top 
of the petrol remaining in the pumping chamber. This will leave the 
contact points in the open position, therefore there will be no current 
passing through the magnet winding. 

Maintenance of Pump 

If the pump refuses to work, a test with a voltmeter or lamp connected 
between the main terminal of the pump and the magnet housing will 
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verify whether current is regtching this point. If current is indicated 
here, then hy transferring the test lamp, or voltmeter, to the top springs 
contact screw, leaving the other test lead on the housing, an indication 
will show that the magnet winding is complete hut that the contacts 
are open. On the other hand, if no indication is given on this position, 
it does not necessarily indicate an open circuit on the winding, since, 
with the contacts closed, these two points are at earth potential. An 
examination of the contact points will show whether these are making 
contact or not. 

Dismantling Pump 

If after this examination the points are seen to be open, it may be 
that the end of the primary acting rocker arm may he resting on the top 
of the magnet housing, as this would limit the travel of the rocker arm 
and prevent it from throwing over. If there is space left between the 
rocker arm and the top of the housing, the indications are that the 
distortion of the diaphragm is preventing the complete return of the 
armature, and this will make it necessary to undo the six fixing screws 
on the base of the magnet housing and remove the pumping chamber. 
This will reveal the diaphragm, but it will he found that it is sticking to 
the magnet housing. With a knife, carefully loosen the diaphragm off 
the housing, taking care that the brass rollers do not drop out. 

Remove the Hinge Pin 

The pin which hinges both of the rocker arms to the two legs sliould 
then he removed and the pumping chamber relixed again by the six 
screws. After putting back the hinge pin, if the pump still refuses to 
work it will be necessary to dismantle the pump again to search for any 
dirt that may he jamming the moving parts. 

Adjustment of Make-and-break 

After the pump has been completely dismantled, it will be nec-ossary 
to reset the position of the diaphragm so that the length of the bronze 
rod is correct for operating the make-and-break action. To do this, the 
diaphragm is screwed clockwise as far as it will go and then gradually 
turned back until a point is just reached when, by pressing on the 
diaphragm, the rocker arm operates. The diaphragm is then given a 
further anti-clockwise turn corresponding to four holes. Jn ])raotice, 
however, it may he found beneficial to turn the diaphragm hack for five 
holes. 

Testing the Pump 

The testing procedure for this pump is similar to that of the mechanical 
pressure pump. The pump is fixed to the test stand and tlie two rubber 
hose pipes are connected to the inlet and outlet couplings of the pump. 
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Hake sure that tke outlet of the pump is connected to the sight-glass 
side of the test stand. If the pump is connected to a battery of the 
correct voltage the pump should commence to deliver fuel. This can be 
verified by looking through the sight glass (see Fig. 2) . 

Pressure of Pump 

A pressure of 2 to 3 lb. per square inch should show on the gauge, 
and with the stopcock turned off and the pump disconnected from the 
accumulator this pressure should remain for several minutes, providing 
the valves are seating properly and that there are no air leaks in the 
pipelines or couplings. 

faults indicated by Noise 

A noisy pump, whether electrically or mechanically operated, is a 
sure sign of an air leak in the suction side. Make sure that all joints are 
tight, and also see whether there is petrol in the tank. If the pump 
operates correctly but does not deliver petrol, remove and examine the 
valves for dirt or spht seating. A slow-acting pump may be due to a 
blockage in the pipeline, or else to a choked filter. 

Pump gets Hot 

Working under these conditions the body of the pump will get hot, 
since the winding will he in circuit for longer periods. 

Burnt Contacts 

If the resistance which is connected across the winding breaks down, 
severe sparking will take place at the contacts, iknother cause for 
sparking is the malalignment of the rocker-arm springs, which causes 
the contact points to wear at the sides instead of allowing the points 
to meet fully and squarely with each other. Yet another cause of severe 
sparking is the use of a 6-volt pump on a 12-voit circuit. This is a 
simple mistake to make although the pumps are stamped with the 
voltage on the top of the bakelite cover. 

Colour Coded 

These covers are also coloured to distinguish between 6- and 12-volt 
units, but when many pumps are lying about on the test bench, the 
covers are liable to become mixed. There is no need to be concerned 
about this happening, since the coil leads are also colour coded. When 
auy doubt exists regarding the voltage of the punqi, an examination of 
the ends of the coil where they emerge out of the magnet housing will 
decide. A 12-volt pump has a black cover and red sistoflex leads, 
whereas a 6 -volt pump has a brown cover and green sistoflex leads. 

LaUr articles in this volume deal f'ully toith the semcing and mainiemince 
of all the leading types of fuel jpumps. 



SERVICING PACKARD SIX, EIGHT, 
AND SUPER EIGHT, 1937-9 

THE ELECTRICAL EQUIPMENT 

O N 1937 ceirs, Autolite or Delco-Remy 6-yolt equipment was stan- 
dardised, with earthed positiye pole and yentilated dynamo with 
comTbined current voltage regulation. Different units are fitted 
to each of the three models, hut all include solenoid starter switch, 
panel reading and beam indicator lamps, and twin horns (relay operated). 

Charging Circuits 

D 3 mLanios are S-hrush type, with non-ad justable field brush, wired to 
regulator, the cut-out unit having shunt and series windings. 

Dynamo A terminal is common to the armature and field (live nega- 
tive). Terminal F is field positive, and ‘‘ GRD^' is ‘'ground’’ or 
earth. F terminal is wired to field terminal of regulator where the circuit 
is completed to earth via closed contacts with parallel resistance. Note 
that field current traverses the series winding of the right-hand regulator 
unit and through both pairs of contacts in series. 

When ignition is switched on, the shunt winding of this regulator is 
energised. As the dynamo builds up voltage, the cut-out closes, and 
current from terminal A passes through the cut-out scries winding, 
closed cut-out contacts, and both series windings of centre regulator to 
battery line. Voltage rise on the “ ignition ’’shunt winding of right-hand 
regulator (battery volts on charge) attracts armature, separating the 
points and by -passing the field current to earth via resistance. The field- 
current rise energises the series winding with the same effect. The centre 
regulator operates when the main current exceeds 28-30 amps. 

Do not test on open circuit, as there is no dynamo voltage control. 
Pressure on load between terminals GF N ” and OED ” should be 
7'45-7-55 volts with dynamo and regulator hot. 

To increase the voltage, tension the spring by bending lower spring 
hanger. The air gap should he 0-OG~0*07 in., with fibre bumper barely 
touching contact spring post. Contacts should open 0-015~0-25 in. 
(Adjust by bending armature stop.) Gap between fibre bumper and 
contact spring post, with armature up, should be 0’€08~0 -01 3 in. (Adjust 
by bending upper armature stop.) Contact pressure, 3 1 oz. at moment of 
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Fig. l.—WmiNQ diaobam, Paceabd Surim Eight (1937-8) 
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opening. (Bend upper contact spring to adjust.) Cut-out closes at 6*5- 
7 Yolts. Air gap, D-018-0*022 in., points closed. Contact gap, 0‘018~ 
0-025 in. 

To avoid breaking the seals, check dynamo first by earthing F terminal 
when charge should register. If no charge is indicated, disconnect cables 
and repeat with voltmeter between A and OD : voltage reading now 
showing exonerates dynamo . Check wiring for earths or replace regulator. 
Verify battery voltage between regnlator terminals “ Bait ” and “OED.'' 

Lighting Circuits 

Cars in this country have side lamps wired in parallel with rear. The 
push-pull panel switch controls all lights, headlamps having a thermo, - 
static circuit -breaker in series, which operates by heat distortion of bi- 
metal blade. A 20-amp. fuse protects rear lamp (and side lamp) lines, and 
a second 20-amp. fuse is incorporated in accessory feed. 

Headlamps have dual-filament bulbs controlled by foot dimmer 
switch. Also connected to the switch are panel indicator lamps to show 
beams in circuit. Reading lights are fed via ignition switch together with 
stop lamps and fuel gauge. Roof lamps and cigar lighter are fed via 
accessory fuse. 

Auxiliaries 

Accessories are fed via 25-amp. fuse on lighting switch, and fittings 
vary according to model. Radio is wired separately from ammeter with 
separate fuse. The defroster and heater are controlled by separate 
switches and fed via the ignition. 

Horns 

Horns are connected in parallel to the relay unit. Feed i.s via cable 
21 from battery terminal of starter switch, and cable 20 connects the relay 
to steering-wheel button. If horns fail, earth the S tcinninai of' relay 
when response of horns indicates break in button cal>le or fa.ulty button. 
Connect B terminal to the horn feed. If horns are now sound, relay is 
faulty. (A click on pressing button indicates relay solenoid movement 
but faulty contacts.) 

Starter 

The starter solenoid switch is provided with a button for manually 
closing main contacts if failure occurs. Check panel push and wiring by 
bridging terminal 7 A to battery terminal, when solenoid and starter 
should operate. 

12-volt Equipment 

Cars fitted with 12-volt Autolite equipment have the same genera] 
arrangement as 6-volt installations. Two resistances are incorporated, 
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one in series with. th.e feed cable to petrol gauge, and the other in line to 
cigar lighter, these units being identical with those fitted to the 6-volt 
equipment. 

The Petrol Gauge 

In the case of the petrol gauge, note that cable ISTo. 27 is connected to 
the feed side of resistance, this being connected in the gauge circuit only. 
The cable enters a harness, and two sphce joints are made inside chassis 
harness, one feeding stop-light switch and the other the reverse -light 
switch, these units receiving 12-volt feed. 

In the case of the cigar lighter, resistance is in series with ISTo . 8 cable 
connected to auxiliary fuse. A second cable from the same fuse feeds 
body circuits, roof lamps, and the like. The foregoing applies to Super 
Eight models. 

In Six and Eight models, petrol gauge resistance is in series with No. 13 
cable feed from ignition switch, cigar-lighter resistance being in line from 
fuse to lighter. 

All other equipment is designed for direct 12 -volt working. The 
voltage and current regulator unit operates at about twice the figures 
given for 6 -volt units. D 3 mamo voltage should therefore be about 
15-15-6 when charging. 



HOW TO READ AND USE CAR-WIRING 
DIAGRAMS 

By E, T. LlWSOIf HELME 

T O the automobile electiiciaii, the ability to read, dra\r, and under- 
stand a circuit diagram is important. A definite code of symbols 
with universal meanings has been evolved to indicate certain features 
and, although diagrams vary in complexity from a simple technical 
layout to the latest American practice of photographic plans, the sjnnbols 
always indicate specific combinations. 

The Pictorial Diagram 

Some diagrams are more informative and comprehensive, according 
to the uses they are intended to serve. A pictorial layout, such as may 
be found in the majority of instruction boots issued for car owners, shows 
the terminals to which each wire is to be connected. 

A system of colour identification is used on all modern cars, the braid- 
ing carrying the colour combination being extended throughout the whole 
length of the cable concerned. The code is usually indicated in the dia- 
gram, and although the relationships of colour and cii'cuit are not the 
same in all models, any given colour is associated with the whole of 
the circuit to which it applies. 

For example, red is commonly used fox side- and rear -lamp wiring, and 
it will be found that all wiring serving these sections is similarly marked, 
starting from the feed terminal of the switch and continuing to each 
destination, including all connections to fuse-box, etc. 

The Technical Diagram 

The other extreme in wiring diagrams is a technical diagram in which 
all pictorial representations are replaced hy symbols, wiring being 
indicated by direct lines, not necessarily di'avm to show the disposition of 
wiring on the vehicle. Colour coding and marking is largely dispensed 
with, the identification of circuits heing obvious from the manner in which 
they are drawn. 

Each type of diagram serves its individual purpose, the most useful 
from all viewpoints being a combination of the two types, from which 
may be discerned the internal connections of unit components, and also 
the disposition of circuits, terminal mariings, and colour identification 
of cables in harness, and other data embodied in pictorial layout. 

M.B.O. IV. — 6 81 
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Fiy . 1. — Circuit diacjram, suowinu artian-gemknt of stanoard jikadlanips with 

DIPPIJN-a REEXECTOR INT THE ISEARHIDE I.AMI' 

How to Read a Diagram 

Fig. 1 is an example of a circuit diagram containing specimens of both 
technical and pictorial presentation. It shows the arrangement of stan- 
dard headlamps with dipping reflector in the nearside lamp, the offside 
lamp being controlled through, the dipper unit. The numbered arrows 
indicate features of the diagram which, by the way in which they are 
drawn, convey definite information. 

The Battery 

The battery (1) is shown by alternate light and heavy lines, each 
pair representing the positive and negative groups of one cell. The 
longer thin lines represent the positive groups and the slK)rter tliick lines 
the negative groups. 

Earth 

Thus the diagram shows that a 6-volt battery of three cells is fitted, 
with the negative end terminal connected to the chassis, frame, or 
earth ” — as indicated by (2). 

Starter Switch 

The positive-end terminal of the battery is connected by heavy starter 
cable to the starter switch (3), the thick line indicating starter circuit 
to this point. The diagonal line drawn between the stcarter-s witch 
terminals has a significance in that it shows the switch to be double-pole 
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type — that is, the hridging contact is held off hotli terminal contacts 
simultaneously when the switch is ‘‘ open/’ 

Dipping Switch 

Compare this i^dthtlie dipping ST^itch (4), where the diagonal line is in 
contact with the terminal connected to earth at (5). This means that the 
“ make ” and “ break ” of the switch is between the dipper terminal D 
and the bridging contact only, the switch being of the single-pole type. 

Single- and Double-pole Switches 

In practice, this difference is important : Supposing that we wish to 
test the insulation between the switch terminals and the metal body of 
the switch. In the case of the dipping switch, it does not matter whether 
the switch is ‘‘ open ” or “ closed ” when the test is made, as the moying- 
bridge member is attached to the E terminal and its insulation to frame is 
simultaneously tested with it. Where the starter switch is concerned, 
however, both terminals may be tested to frame and found clear of faults, 
but as the moving-bridge member is isolated when the switch is “ off ” or 
open, insulation breakdown between this and the frame will not he 
detected, unless the switch is held closed during the test, when both 
terminals will indicate a fault. 

The Ammeter 

The ammeter is shown semi-pictorially at (6), hut the spiral line join- 
ing its terminals is a symbol indicating a solenoid or electro -magnetic 
winding. 

The Solenoid of the Dipper Unit 

The winding of the ammeter is a plain helix with no iron core, but the 
solenoid of the dipper -unit — indicated at (7) — is wound on an iron core, 
this being shown by the two adjoining lines (sometimes the spiral line is 
drawn surrounding the parallel hues which indicate the iron core) . 

Resistance 

The zigzag or wavy line means a resistance or resistive winding with 
no magnetic induction, as at (8), the resistance of the dipper unit. 

How Contacts are Shown 

Contacts. are shown in a variety of ways, the dipper contacts (9) and 
offside lamp contacts (10) being shown in one of the simplest forms. 

Fuse 

Where a break in the line, with surrounding radial lines, is dravm, as 
at (11), a fuse is understood to be inserted. Another method of indicat- 
ing a fuse is by two circles connected hy two crossed lines ; as shown in 
Dig. 2. 
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Cable Connections and “ Cross-overs ” 

Wliere one line is shown crossing another by a loop, as indicated at 
(12), the two lines so drawn haYe no electrical connection, and hare no 
actual cross-over, but the symbol serves the convenience of drawing. 
An electrical connection may be indicated as at (13), where one line ahnts 
on the other. 

Lamp Bulbs 

Lamp bulbs may be shown by a plain circle, a helix, or detailed as (U), 
from which we learn that centre -contact single -filament bulbs with earth 
return through the caps are used. 

Pictorial View of Switch Unit 

The rear view of the switch unit at (15) is purely pictorial, as it shows 
the relative terminals and markings but does not indicate internal con- 
nections or bridging, nor does it inform us what switching combinations 
are employed. 

The Meaning of “ Series ” and “ ParalleP’ 

The terms “ series ” and ‘‘ parallel ” are commonly used in describing 
electrical circuits : a clear understanding of how they are applied is very 
necessary. Briefly phrased, when two or more parts of a circuit are 
connected in a continuous path they are in series, and when these parts 
are all individually connected between the terminals of the supply they 
are described as “in parallel,” or, as it is sometimes said, “ shunted 
across ” each other. In series connection, the current flowing through all 
components is governed by the total resistance of the composite circuit, 
while in parallel connection each component receives nominally the 
terminal voltage of the supply and passes current in proportion to its 
individual resistance. 

Examples of these connections are seen in Fig. 1 in the dipper unit, 
where current flows through the solenoid (7), resistance and contacts (8) 
and (9) together, and the fuse, in series. The resistance and contacts, 
although in series with the circuit, are in parallel with each other, or in 
“parallel-series ” with the circuit. 

The headlamps are in parallel with each other, both being connected 
to the positive terminal of the dipper unit and both having earth-return 
connection through bulh caps, hut the offside lamp has the lamp contacts 
(10) in series. 

It should also be noted that every circuit is complete, starting at the 
battery positive terminal and flnishing at the earth connection, with 
common return through the frame to battery negative terminal. 
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Jt'ig. 2. — A 'rYPiCAJj wiking diagram eor caji with: third -brush dy'namo 
Showing the Lucas 1 2-volt electric lighting, starting, and coil -ignition equipment on 
the Wolseley 10/40 li.p. and 12/48h.p. 
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TRACING CIRCUITS 

We Tave explained some of the symbols met with in car-wiring 
diagrams and have traced out a typical cax-ligbting circuit. It is 
necessary, however, if we are to find our way about a complicated car- 
wiring diagram, to consider the other sections of the electrical system. 
The best method is to subdivide the complete electrical system broadly 
into five sections : 

(1) The battery -charging circuit. 

(2) The starting-motor circuit. 

(3) The ignition circuit. 

(4) The lighting circuit. 

(5) The accessory circuit. 

THE BATTERY- CHARGING CIRCUIT 

The battery-charging circuit comprises : 

(1) The battery. 

(2) The dynamo, 

(3) The cut -out and fusebox. 

(4) The regulator, if any. 

(5) The ammeter. 

(6) The charging switch and wiring interconnecting the components. 

The circuit starts at the positive main brush of the dynamo and 

enters at the positive terminal of the battery. If the positive terminal 
of the battery is earthed, the positive dynamo brush is also earthed, the 
car chassis providing the positive path from the dynamo to the battery. 
If the negative of the battery is earthed, then the car chassis provides 
the negative return from the battery to the dynamo negative brush. 

Third-brush Dynamo 

A glance at the field circuit of the dynamo will tell us whether it is a 
two- or three-brush machine. 

A machine with three brushes will indicate that the current output is 
automatically regulated and kept practically constant by third -brush 
control (see Eig. 3). We should then see if there are any resistances in 
the field circuit, located either in the dynamo itself or in the fusebox. 
If so, they will probably be controlled from the lighting, charging, and 
ignition switch on the instrument panel. Changing the position of the 
switch alters the amount of resistance in the field circuit of the dynamo, 
reducing or increasing the charging current to the battery. The switch 
is usually arranged to give high and low charge, and when the head- 
lamps are switched on the dynamo is connected to give its maximum 
output (see Pig. 4). 

Alternatively, we might find other modifications of the third -brush 
control, as described on pp. 6-10. 
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The ciat-out is sho-wn iix semi -pictorial form, to illustrate its operating principle. Com- 


pare with the technical diagram of the cut-out in the next Pig. and Pig. 2. 



SWITCHES 


This is the circuit diagram as traced out from the actaal car-wiring diagram in Fig. 2» 
the field switches being incorporated in the lighting, charging, and ignition switeh. 
Their operation varies the amount of resistance in tlic held circuit and thus the cliarging 
rate of the dynamo. Low-charge position: FI and F2 off. High-charge po.sition : 
FI on, F2 off. Maximum output (headlamps on) : F2 on, Fi off. 
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^% g . 6.— Typical w Mil NCI diac^kam eur c’ati\vitii Two-iitu'SH dynamo and co 

VOl/rAtJEJ rONTHOL (VaCXIIALL H) II. in) 
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The Cut-out 

An automatic cut -out is an essential compoiierit in aiiY charging 
circuit, and its purpose is to preYent the hattery discharging back through 
the dynamo when the engine is stationary or operating at slow speeds. 

The cnt-onfc consists of a soft -iron core with two windings — one a 
voltage winding of fine wire and the other a series 'binding of heaTier 
VTire. The fine -wire winding is connected across the dynamo terminals. 
This winding is, therefore, excited whenever the d^mamo is generating 
any current at all. The heavy-current winding is a series windhig 
through which the current between the dynamo and the battery passes 
when the cut-out points are closed. With closed points the battery - 
charging circuit is completed. 

Eig. 3 gives a diagrammatic representation of a charging circuit with 
a thiid-hrush machine. 

If the dynamo speed drops to a point where the voltage of the d3mamo 
is less than the voltage of the battery a reverse current would tend to 
flow. Immediately this happens, however, an opposition will be set np) 
between the shunt coil on the cut-out and the series coil . Since the dynamo 
voltage is low the effect of the shunt coil is w^eak, the result being that 
the series coil will change the polarity of the cut-out core, demagnetising 
the cut-out core, releasing the plate and opening the cut-out. 

Two-bmsh Dynamo 

If the diagram indicates a two-hxush dynamo, w^e may expect to find 
an external regulator (combined with cut-out) for controlling the voltage 
and/or current of the dynamo. There are man}" types of regulator to 
be found, as will be seen from pp. 2-6. 

An example of a charging circuit incorporating a compensated 
voltage regulator, which automatically varies the output according to 
the load on the battery and its state of charge, irrespective of the speed 
(jf the dynamo, is shown in Eig. 6. The regulator is combined 
structurally with the cut-out. Tlie two units are, however, electrically 
sejDarate, empjloyiiig separate armatures, though they possess field 
systems wliich are common over a portion of the magnetic path. The 
regulator windings consist of a shunt or voltage winding connected 
directly across the dynamo, and two series or current windings, one of 
which carries the full current from the dynamo to the battery, while the 
other winding carries the current of the lighting, ignition, and accessory 
loads. These coils assist each other in energising the magnet system 
and thus in affecting movement of the armature. 

When tlie dynamo voltage reaches a value determined by the state 
of charge of the battery, the magnetic field due to the voltage winding 
becomes sufficiently strong to attract the armature. This causes the 
contacts to open, thereby inserting the resistance iu the held circuit. 
This reduction in field current lowers tlie dynamo voltage, and this, in 
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Fig. 6. — Ceauging cmcuir of car with two -bresk dynamo with compensated yoltage 

CONTROL 

The regulator is shown, in semi-picfcorial form. Compare with the technical diagram, 
Fig. 5. 

TERMNALS M JUNCTION BOX 
OR SWITCHBOX CONNECTED 



Fig. 7.— A TYPICAL coiL-iCNirxcN (jmccrr 
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turn, weakens the magnetic field due to the Toltage coil. This allows 
the armature to return to its original position, thus closing the contacts, 
so that the roltage returns to the predetermined maximum. The cycle 
is then repeated and the armature is set into vibration. 

As the speed of the dynamo rises above that at which the regulator 
comes into operation — about 20 m.p.h. — the d3rnamo output undergoes 
practically no increase. 


THE STARTER CIRCUIT 

The purpose of the starter is to provide the initial turning of the 
car engine for starting. The current taken by an average starter is 
from 150 amps, up to 400 or 500 amps, if the engine is cold or stiff. 
Since the dynamo output on the average car is from only about 8 to 
20 amps. , the starter must take its supply from the battery, wRich must 
be so constructed as to dehver the requisite heavy amperage. 

The ammeter on the dashboard is never connected to record the 
starter current. 

In the simplest form the complete circuit is from the battery positive 
terminal to earth (assuming a positive earth system), from earth to the 
positive brush, armature, the series-parallel field windings, starting 
switch, and battery negative [see Tig. 2). 

A refinement of this circuit is the remote -control system illustrated 
in Tig. 10. In this case only a small current fiows through the button 
switch, this current being used to energise an electro -magnet which 
closes the main starter switch, which is usually built on to the starter 
motor. 


THE IGNITION CIRCUIT 

The modern car is provided with battery and coil ignition, wRich it 
will thus be appropriate to consider. The circuit is from the positive 
battery terminal when the car is stationary or running at slow speeds, or 
from the positive dynamo terminal when the dynamo is running at a 
speed sufficient to charge the battery. The complete connections are 
given in Tig. 7. There are two circuits, namely, the primary" and 
secondary. 

The Primary Circuit 

This circuit consists of battery, switch, primary winding (of the 
high-tension coil), and contact-breaker, all connected in series. 

In the single-pole system now universally adopted, one pole of the 
battery (either positive or negative) is connected to ''earth,’’ i.e. the 
metal frame of the car. The fixed contact of the contact-breaker is also 
the one usually earthed. 
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Fig. 8. — The coMPiiETE ignition circuit of car fitted with; compensated voltage:- 

CONTROLLED DYNAMO 

Note the accessories connected via the ignition switch. 



iV(/- 9. — -Lighting AND acgessokiem <!(,)n- 

NECTEU VIA THE AMMETER ON <-AIt 
PITTED WITH COWHENSATEID VOLTAGE- 
CONTilOLIED DYNAMO 


BUTTON 



Fig. ](J. -Di.^okam of iimmote-opejiated 

HTAKTEIt (.T KOI 'IT 
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JFig. 11 . — APRACTICAIi EXA^MPILE OF USING A CIRCUIT DIAGRA1.E IX TRACING A FAUI.T 


The Secondary Circuit 

The secondary circuit consists of a very large nnmber of '^iiidings 
of fine wire in series with the rotating arm of the distributor and, at its 
other end, connected to one end of the primary coil. The sparking 
pings are in turn connected by means of the rotating distributor arm 
and its contacts to the secondary coil, the circuit being completed through 
the ' ‘ earthed ’ ' side of the sparking plug ; the outer metal shell of the 
latter is in metallic contact with the engine and thence to the frame of 
the car. 

HOW TO USE A CIRCUIT DIAGRAM IN TRACING A FAULT 

Fig. 11 is a practical example of using a circuit diagram in tracing a 
fault. A motor-cycle, left standing with lights on, is found, on restarting, 
to develop a fault which causes cut-out sparking, which disappears when 
the cut-out contacts are held closed by hand. The machine functions 
normally when no lights are in use. On checking the dynamo voltage, 
this is found to have reversed polarity, but is corrected by exciting the 
held through the cut-out. How does the dynamo field become reversed 
when lights are in use, but not otherwise ? 

On inspection we fnd that both headlamp and pilot lamp earth con- 
nections are made to the lamp shell. The dynamo, battery, and cut-out 
are earthed direct to the frame. Signs indicate that battery current is 
flowing back through the field to third brush and frame via armature, but 
only when lamps are in use, therefore the field must be in series with the 
lamps. The diagram is purposely simplified, representing only the sec- 
tions affected. If the connection between lamp shell and frame has 
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inefficient conductmt 7 , introducing unwanted resistance into the lamp 
return circuit, current can reach the frame hy flowing through charge 
resistance and switch in parallel (if closed), via field cable to winding 
and earth. In so doing, the field coil is energised in the reverse direction 
to that which obtains when connected across the armature in the normal 
way, with the result that, residual magnetism being reversed, the dynamo 
builds up reversed voltage and causes sparking at the cut-out contacts 
until this is corrected. 

The Use of Rough Circuit Diagrams 

A puzzling fault will often become clear if a rough diagram — the 
simpler the better — is made of the installation as it appears, when the 
eye can follow alternative current paths, noting the possible effects in each 
circuit — in fact, building up a fault circuit to fit the symptoms of the case. 
This will establish a line of investigation which can he followed with far 
better chance of successful results than unsystematic searching, possibly 
in sections of wiring or circuits which, if seen in diagram form, would be 
obviously exonerated from connection with the fault. 

The practice of studying circuit diagrams will enable the electrician to 
learn much in advance about systems he may not yet have handled. 



WIRING FAULTS 

TESTING AND PRACTICAL ADVICE ON REPAIR 

By E. T. LAWSON HELME 

T he wiring of a Tehicle electrical installation forms tke inter-connect- 
ing linkage between the various units, which must, of necessity, be 
located at various positions on the vehicle according to their respec- 
tive functions. A central switch or control box is the converging point 
where the various conductor lines meet and are connected to suitable 
circuits, and from which the units connected to the remote ends of the 
cables may be operated. 


WIRINiG SYSTEMS 

In practice two systems are used, with a third, combining the first 
two, occasionally to he met with. Each has individual fault possibilities, 
and a laiowledge of what may be expected is of great help in tracing faults. 

Double-pole System 

The double -pole system — ^now largely discontinued on passenger cars — 
is still employed in many commercial installations. It provides two 
separate insulated cables, one for outgoing current and the other for the 
return circuit, to each unit — neither cable being connected to the chassis. 
A switch in series with one of the lines controls the unit. Eig. 1 shows a 
simple lamp and battery wired in this manner. 

Single-pole System 

The single-pole system, in almost universal use on private vehicles, 
provides a single insulated cable to carry outgoing current, the return 
circuit being provided by the frame of the car and the body of the unit 
which is attached to it. One terminal of the battery is connected to the 
chassis and the corresponding terminalof every unit is similarly ‘‘ earthed ” 
or “ grounded ’’ — terms which mean electrical contact with the chassis. 
Usually the switch and fuse (if fitted) are in series with the live ’’ 
conductor, as shown in the layout of lamp and battery in Fig. 2. A 
combination of the two systems is sometimes made for convenience in 
order to by-pass unsuitable chassis contacts, and the switch may equally 
well he in the earthed line, as shovm in Fig. 3. 

The tendency nowadays is to connect the positive terminal of the 
battery to the earth, known as the positive earth system of wiring, or 
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1. — Double -POLE ob insula-Ted return wiring 
SYSTEM 

The dotted line,s shoiY possible faults. 



fiff. 2. — Single -POLE aviring system 


One terminal of the battery being Conner* tod to tho 
chassis. The dotted line shows position of a fault, as 
referred to in the text. 



Fig’. 3.— SiNGXE-POLK SYSTEM WITH SWITCH INSERTED 
IN EARTHED LINE 


positive retxira. Com- 
pa.red with the negative 
connection to earth, 
this system reduces cor- 
rosion of the battery 
terminals, and increases 
the effective life of 
sparking plugs, coil 
windings, and the dis- 
tributor rotor, owing to 
lower electrical stresses. 

Short-circuits and Open 
Circuits 

Taking these 
systems in the simplified 
form, let us classify all 
possible faults, with 
their effects and 
methods to be used 
in tracing. A “short- 
circuit ’’ comprises an 
unintended by-piass or 
path by which current 
may return to the 
battery. The severity 
of the short depends 
on the mechanical cause 
and the added con- 
ductivity, varying from 
a damp insulator sur- 
face, wdiioli may pass a 
few micro -amperes, to 
a direct metallic con- 
tact across the battery 
terminals, in which the 
magnitude of current 
flow would he limited 
only by the capacity 
of the battery to sustain 
theoverload. An “open 
circuit consists of an 


unintended resistance in the path of the current, restricting its value below 
normal. This may also vary from a badly made connection, which becomes 
hot, to a complete break in the wire, rupturing the circuit completely. 
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Position of the Fault and its Effect 

The position of a fault decides its effect upon the peiformaiiee of the 
circuit. For example, a “short” across the lamp terminals in Fig. 1 
would have no effect until the switch was closed, when the added 
conductivity or reduced circuit resistance wmuld cause an abnormal 
current to flow and the applied voltage would fail in proportion. A 
short across the switch terminals, however, would only render the switch 
ineffectiTe ; it could not cause increased current consumption, this being 
governed mainly hy the resistance of the lamp filament. 

If the short occurred across the battery terminal of the switch and 
“ earth,” as sketched in Fig. 2, its effect would be apparent whether the 
switch were open or closed, as the circuit then afforded is on the live ” 
side of the switch and therefore unaffected thereby. 

An unintended earth contact is another form of short, its position 
governing effects. In Fig. 1 an “ earth ” on either switch terminal would 
not affect operation, unless another earth became established on the 
return hne, when the two would form a short path, by -passing the lamp, 
the effect of switch operation depending on which switch terminal had 
become earthed. 

These simple illustrations indicate the basic principles of fault location, 
and should be thoroughly grasped by the student. 

The existence of a fault is known only by its effects, and we have to 
work back from effects, taking into consideration all “ clues ” afforded by 
switch operation, isolating of sections, etc., until the original cause of the 
fault is located. 

Constant and Intermittent Faults 

When dealing with a definite fault of a constant nature, which 
manifests itself whenever the circuit is in operation, tracing is simplified 
and reduced to a systematic procedure of eliminating possible paths until 
tbe section at fault is found. If the trouble is intermittent, only occurring 
under certain conditions, tracing is rendered more difficult, especially if 
the contributory conditions cannot be reproduced at wih, or are undefined. 
It often happens that a fault of this nature gives inconclusive evidence, 
such as a short carrying a very small current, insufficient to visibly affect 
set performance beyond causing the battery to discharge slowly over a 
period when there should be no circuit across it, and therefore no discharge. 

Methods of Fault Testing for Short-circuits 

There are two methods available in testing, and these can be used 
according to the nature of the fault. 

Fig. 4 illustrates the first, in which a battery of the voltage norniafiy 
used is employed, together with a sensitive instrument in series. A 
good voltmeter, knovm to be sensitive to small currents, is an excellent 
instrument for the purpose, as, in addition to its ability to indicate 
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Using a voltmeter as a resistance -limited milliammotor, and a tost battery. 


minute cuirent leakages, no damage is occasioned if a path of high 
conductivity is closed across the circuit, the meter passing only the 
normal current it draws at the voltage applied. The test circuit is shown 
connected to the common terminals of a number of accessory circuits 
protected by a single fuse. If we find that the fuse blows immediately it 
is connected in the circuit we know from this that a short exists which is 
unaifected by switches and must therefore be situated at some point on 
the live side of the switches. 

With the test circuit connected as shown, the voltmeter, which is now 
functioning as a resistance -limited milliammeter, will read a value closely 
approximating the applied battery volts when a new fuse is inserted. 
The effect is the same if the vehicle battery is normally used and the 
meter connected across tlie fuse clips in place of a fuse. 

We now disconnect, one by one, the lines in parallel with the supply 
until the reading falls to zero, when it is obvious that the last line dis- 
connected carries the fault. Supposing circuit No. 2 in Tig. 4 is located 
as the culprit, it is now necessary to narrow down the locality, which is 
done by reconnecting No. 2 cable to the fusebox terminal and disconnect- 
ing the other end of the cable at the switch (switch terminals on live side 
marked in black). If the reading continues, the location has been passed, 
audit is necessary to work back along the cable, inspecting it for insulation 
damage allowing the conductor to touch earthed metal. When the fault 
is disturbed, the reading will fall to zero. On the other hand, if dis- 
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connection at tKe switch clears the fault we know that the cable is sound. 

With the switch open, continuation of reading when cable is recon- 
nected indicates either switch terminal insulation to earth faulty, or 
formation of a track between switch terminals hy-passing normal contacts. 
ITo further investigation is needed, as a sound SAntch bars the way to 
shorts in subsequent wiring or the unit. In the case of Mo. 5, we have the 
switch arranged in the dead line of the circuit — such as in horn circuits. 
Investigation here as far as, and including, the unit will reveal the cause. 
It cannot exist in the section from unit to switch, as a short to earth in 
this section would only carry the normal unit current and by-pass the 
switch. Current would be insufficient to blow the fuse, and the fault 
would manifest itself instead by the continuous operation of the unit, 
irrespective of switch position. 

The second method of testing employs exactly the same procedure 
except that an abnormal bad is imposed on insulation bj applying a 
higher voltage. Magneto-type insulation testers are safer and more 
effective than a mains -voltage test lamp. The meter incorporated in the 
tester reads resistance, with infinity at the zero position. This method is 
especially useful for locating high-resistance shorts causing continuous 
battery discharge as referred to earlier. The higher voltage makes the 
test more searching, and intermittent or uncertain weaknesses break down 
under the strain, and the faults remain on ” long enough for their 
location to be traced. 
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Locating Open Circuits 

Turning to the location of open circuits, we apply the same methods 
of normal and supernormal loading, hut in this case we are dealing with 
current-carrying ability, or conductivity, rather than with insulation. 

A complete break in a circuit disables the whole section affected, 
wherever its locality. The standard battery is used, and a voltmeter or 
test lamp enables its position to be found. 

Tig. 5 shows a battery, switch, and lamp in series, the switch closed, 
but the service lamp inoperative due to an open circuit. The test lamp 
is shown connected to successive points, which, if taken in order, cannot 
fail to locate the fault. One lead from the test lamp is connected to 
common earth ” and the other applied first to point (1), when, if the 
lamp lights, we have established continuity of circuit from this point 
back to earth (E). The search is continued by testing in order at points 
(2) including switch, (3) cable from switch to fuse, (4) fuse, and (5) cable 
from fuse to lamp. 

Each point at which the lamp lights exonerates the preceding section, 
and the first point at which the lamp fails to light indicates that the seat 
of trouble has been passed between that point and the preceding one. 
Thus if (3) is alive but (4) is dead, the fuse section (fuse, connections, or 
clips, etc.) is open. 

Testing for Faulty Earth Section 

In practice, of course, time is saved by concentrating on weakest 
sections most likely to be at fault. The fuse and lamp bulb would be 
examined and tested first, and if these are in order and the search so far 
fails to locate the open circuit, we still have the earthed section of the 
circuit which may he at fault. To test this, the test-lamp lead is left 
connected at point (1) and the earthed ” lead is connected to El, when, 
if the test lamp now lights, it indicates open contact between battery and 
frame. Similarly, if there is no light with test lamp E lead connected to 
E2, but light shows when the E lead is connected to frame, we have an 
open ” between lamp cap and frame. The relationshij) between normal 
current carried by the circuit and that reejuired by the test lamp is 
important, this being the reason why a voltmeter is of little use in this 
particular test, as its current is so small that a faulty contact, as distinct 
from complete 0/0 (open circuit), would not show up. The test lamp 
should be a woiMng load equal to normal or preferably a heavier load, 
up to fuse capacity, when a high-resistance contact will reveal itself by 
local heating and subnormal brilliance of test-lamp ilhimination. It 
must be clearly understood that adequate load is essential, as a mere 
indication of continuity, instead of conductivity, is of no practical value. 

Repairing Faulty Sections of Wiring 

The following practical hints on repairing faulty sections of wiring 
may be successfully applied on any system, and are intended mainly for 
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use on sections in which the damage causing the fault is not sufificient to 
justify replacement of the section as a unit, which might inrolve a great 
deal of incidental labour, this being reckoned as a part of the total cost of 
replacement. 

Fig. 6 shows a typical wiring layout using a three-rate three-brush 
d^amo, CFE.2 Lucas controlbox, PX.C. panel switch and panel assembly, 
dipping reflector headlamps, starter with solenoid switch, yoke mounted, 
and the usual auxiliary circuits of horn, screenwiper, and traf&c signals. 
The units are shown only in outline as we are mainly concerned with the 
wiring. 

It will he seen that the majority of the wiring is contained in a com- 
plex “ loom ” or harness ” of braiding woven round the hunched cables 
and consisting of a main trunk comprising the panel — control-box — 
chassis-line group, branching off forward to front lamps and horn, rear- 
ward to signals, roof lamp, tank unit, and rear lamp assembly, and across 
the bulkhead to ignition coil, dipswitch, and starter- Eubber-sleeve 
plug connectors are fitted in cables to lamps and connections to section 
enclosed in body panelling, while separate starter cables, panel inter-unit 
wiring, and body-line wiring is fitted. A separate cable also feeds the 
screenwiper. This method of construction facilitates assembly and is 
now commonly used, varying with individual makes. 

Obviously, we cannot strip out and replace a wXole section containing 
a fault, and it is necessary to locate and repair, or alternatively renew, the 
cables affected. Some parts of the loom are easily inspected and well 
placed out of the way of water saturation, oil, or mechanical abrasion, 
while other sections are inaccessible or exposed to these elements. These 
demand our first attention, and the development of a keen eye for sharp- 
edged, badly -fitted clips, abrasion by moving parts, exposed wires, etc., 
is of immense value. The plug connectors are useful in isolating sections 
for individual tests, but they should be suspected where 0/C is the trouble, 
as water may enter and set up corrosion. 

Typical Heavy Short-circuit Location and Repair 

The following examples are two typical jobs involving wiring break- 
down, with test methods employed and repairs carried out, the system 
being that illustrated in Fig. 6. 

A heavy short-circuit is noticed when the battery is connected. Test 
procedure followed : connect 60 -watt 12-volt lamp, in holder with heavy 
fiex leads, in series with battery and detached starter cable and place 
where light is visible from both sides of car, jNTote if ammeter reads 
5 amps, discharge, with all switches off. Ammeter reads, therefore fault 
is on A terminal line, and starter, solenoid switch, and main cable to 
ammeter are clear. Check by disconnecting A wire from ammeter, when 
light should go out. Reconnect wire at ammeter and disconnect A wire 
at control box. Light remains on, therefore fault is in section from 




J?- lij. O. — xrpiCAIi CAR WIRING LAYOUT 

ith thiee-rat© thiee -brush dj’iiRiuo, CFR2 Luoas control box, P.L..CJ. panel switch and panel assembly-, dipping reflector liead- 
lamps, starter and. solenoid, switch, and the usual auxiliary circuits of hom, screenwiper, and traffic signals. 
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ammeter to control box. Inspection of loom under scuttle and manipula- 
tion causes light to flicker and sparks to be seen. Fault located in sharp edge 
of panel bracket cutting through, insulation and contacting wire. Repairs 
effected by opening braid, taping damaged cable, taping loom and securing 
by strip-metal clip round loom, clip being fastened to bracket with screw. 

Another Example of Fault-finding 

Another example of fault-finding is given as follows : an auxiliary 
fuse in the control box is found to be melted when the driver reports 
failure of the horn. This is a typical case where effects can be misleading, 
as several circuits are fed by this fuse, the failure of which is discovered 
when the hom becomes inoperative but is not necessarily caused thereby. 
Test lamp connected across fuse clips is used to check circuits con- 
nected and to narrow down field of possible locations. Separate auxiliary 
fuse not affected, therefore lines fed via ignition switch are not concerned. 
Lamp lights when horn, screenwiper, ‘‘ stop ”-lamp, and roof-lamp 
switches closed : no light with switches open, therefore fault is on “ dead 
side of switches- lllormal current of horn approx. 3-5 amps, and of 
screenwiper approx. 2 amps., therefore, using 12-volt 6-watt test lamp, 
normal illumination practically unaffected. With roof-lamp on, both 
this and test-lamp at about half normal illumination, indicating lamps 
in series and no short . With brake applied, test-lamp illumination about 
normal. Inspection of ‘‘ stop ’’-lamp bulb shows this to be 12-volt 
6- watt also. Inference is that short on stop ’’-switch to stop ’’-lamp 
section is by -passing current from test lamp to earth. Verified by noting 
that ‘‘ stop ’’-lamp does not light with brake on and test lamp lighted. 
Examination of this section reveals fault in cable pinched under chassis 
clip, earthing both stop- and rear -lamp wires. Repaired by separately 
taping cables and enclosing in empire tubing, refitting clip to avoid chance 
of recurrence. 

The reader will see that bad lights been in use a general short on side- 
rear would have also been revealed. This would confine investigations to 
areas where lighting and auxiliary cables run together and we should 
immediately suspect the stop ’’-rear section. 

Intermittent Open Circuit 

Thus we see that logical reasoning saves much unnecessary work. If 
the lamps flicker, all being affected, and no excess ammeter reading 
indicates a short, for example, we waste time if individual cables are 
stripped. Obviously the fault is an intermittent 0/C in the common 
feed and can only exist in the section from the battery to the lighting 
switch — not forgetting the battery earth connection. It is unlikely that 
the same fault would exist on each lamp line and as all are equally 
affected, we can verify hy a test lamp at the common live terminal of the 
switch, when this will also flicker, proving that the cause lies in the section 
mentioned. 
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A FAILURE of the oil pressure would cause damage if the engine 
were allowed to continue to run. On most cars, the oil pressure is 
indicated by means of an oil-pressure gauge mounted on the dash- 
board. The disadvantage of this is that the pressure may fail without the 
driver being aware of this until his sense of smell warns him to look at the 
gauge. In the meantime, much damage may have occurred which would 
not have happened if his attention had been attracted earlier. To avoid 
this trouble, a device is fitted on some cars which causes a warning lamp 
to light when the oil pressure drops below a certain minimum. 

To operate this lamp, an oil-pressure switch is fitted in the oil pipe. 
The internal construction of the switch is similar to that of the pressure 
gauge, that is, the pressure is imposed in a flattened-out metal tube. 
This flat tube is bent round in a circle, and the pressure applied tends to 
straighten out the tube. This straightening movement is utilised to 
operate a pair of contacts, which are connected in series with the warning 
lamp. On first switching the ignition on, the warning lamp lights because 
the two contacts are together. When the engine is started, the building 
up of the oil pressure causes the tube to slightly straighten out, which 
separates the two contacts. Whenever the oil pressure drops below a 


fixed value, say 5 lb. per square inch, 
the two contacts come together and 
the warning light is lit. This will im- 
mediately attract the driver’s atten- 
tion, and he can attend at once to any 
adjustments that may be needed 
before damage is done. 

There is no end to the uses that 
this switch can be put to. For in- 
stance, the switch can be so arranged 
and connected that a failure of the 
oil pressure will open the ignition 
circuit. Naturally, when the engine 
is stationary, there is no oil pressure, 
and therefore a push-button is con- 



nected across the two contacts so 


WARNING 

LAMP 


that the ignition circuit can be tem- 
porarily closed until the oil pressure is 
sufficient to keep the circuit closed. 


On - 1* lOcsH 1 : .ii:e s w it <ji i 

The warning lamp liglita wlion oil 
pressure fails. 
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DffiECTION INDICATORS 

THEIR CONSTRUCTION AND OPERATION 

By JOHlf 1. P. PimNEY, liS.A.E.E. 



Mg. 1. — Tee skeleton poric of rEAFFicAroE \YirH tee lamp reaioyed 

The top metal strip forms the earth connection to one end of the lamp filament, Tvhiisfc 
the other end of the filament is connected to the short length of flexible wire means of a 
round clip. The spring whicli is attached to the bottom of the clip ensures a good earth 
connection to the top of the lamp by maintaining an upward pressure. The trafficator 
shown is the latest pattern, with two internal switches. 

P EACTICAllY all ears are now fitted mth trafficators, so tkat a 
knowledge of their working is essential to all automobile repairers. 

T^'pes in Use 

There are two types of traificatois in use, namely, tie box or enclosed 
type and the skeleton type. The box type is mainly for use on goods 
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Fig. 2. — Ei^d op the 

TB^U'-’JFIOATOR ARM! 

Part of the moulded 
window material has 
been broken away to 
si low tho position of the 
tubular lamp holder, its 
(joiiiieetion, and the pres- 
sure spring 'which forces 
tlio lamp lip to the top 
of tho arm so that this 
tmd of tho lamp is in 
good connection with 
the earthed metal. 


yeMcles inhere no provision’ is^providedTo allow of recessing the trafdcator 
into tlie coaoKwork. This type is also useful for fitting on ca;rs having 
no width or depth suitable for cutting away to fit the skeleton type. All 
new cars turned out by the makers have the skeleton-type trafficator 
fitted flush with the coach work, as this makes a much neater job. 

Both types work on the same principle, that is, a signal arm is lifted 
up to the horizontal position by means of a soft-iron plunger drawn into 
the core space of a solenoid winding. 


Construction of Signal Arm 

The signal arm is made light so that it can be operated by a compact 
size of winding. If a heavier arm ■were fitted, it would be necessary to 
provide a larger winding to take a much greater current ; this would make 
the trafficator larger and then difficulty might be experienced in finding 



Fig. :L 1‘.V11TS Oh' TIIAFPI- 
(’A'l'OU 

'Flif! llfst fifjTur’o is of the 
(':Kf 1 pfji'tion of the 

ifnirioitf ir arm with the 
bi)l(i uudau aiirhoring 
I'Jip Ibr lli(^ wire. 

Th<! lower liair i.s stM'i-ated 
j.<j obtain a seciini hold in 
the riiouldod arm, 

'I’liM si'oond i.s tho 

romplulf'd f-oj) of tlio arm 
with thfj t'xif'Hiluil portion 
iraaildod iti. Tho flexible 
wira can alsi) }>o .sim'ii seciirod 
to t h<i aiic-horinjf clip. 

d’lu ^ t hiir 1 figure is of the 
ir<jn plunder whirb i.s oval in 
d’ho top) part is tho 
lirika^ns frjr the extended 
]»f of the arm. 
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Tno-wa^ Stvitc/i 




iiF 


AujctJian^ fuse 




4. — The srirpnEisa: teaeficatoh ciRcurT 



Fig, 5. — TaAEFIOATOR circuit with a WARisINa DAMP 
This lamp lights via the solenoid winding of the inoperativ© trafficator. 
The lamp does not indicate •whether the arm is up or -w^hether the trafficator 
lamp is lit, it simply" notifies the driver that the switch is in an operating 
position. 


space for it to fit in. Although the arm is made light, it must he strong 
enough to resist wind pressure, especially when traYelliug at speed with 
the arm inadyertently left out. Previously, the arm was a light frame- 
work of metal with thin amber- coloured celluloid material on each side 
forming the windows. Much trouble was experienced with this con- 
straotion, since if the arm was inadvertently left in the “ up ” position for 
long periods, the heat developed by the lamp distorted the window 
material, with the result that when the arm was dropped it would not go 
fully back into position, hnt would jam. 

Improved Construction 

The later type has a single moulding of orange -coloured material of 
special shape and heavier gauge almost forming the entire arm, with a 
reinforcing rih of metal round the top outer edge. 

The Lifting Action 

A die casting moulded in the arm is e:xtended to form the hinged por- 
tion of the arm . Through a hole in this portion is a pivot pin w'hich allows 
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Mg, 6. — TltA.EFICA.TOR 'WARN'IIS'a TwAMP ClltCUIT 

This is a much lietter systonn, .sinoo the lamp lights wlien tho trai'lic^ator 
lamp lights. When in openition, tho warning lamp is in series with tho 
“ STvitched on ” trafficatoiTamp. To use tho circuit, tho tralticator must have 
an iatemal switch, for tho lamp instead of the usual wire connection, hiuler 
these conditions, warning is given not only whten tho trafficator lamp is lib but 
also when the arm has lifted, sinco the switch does not make contact until the 
arm has nearly reached its upward position. 


the axm to swivel up and down. The solenoid plunger is not permanently 
fixed to this extended portion but is linked to it. This action is essential, 
as the extended poidion moves in an <%rc, whereas the plunger has a 
straight up-and-down motion. Furthermore , this arrangement semi-locks 
the arm in the down ” position so as to prevent wind pressure from 
blowing the arm into the “up ” position, and so giving false signals to 
other drivers. 

Working of Trafficator 

When current is switched on to the solenoid winding, the resulting 
magnetism surrounding this winding pulls down the soft-iron plunger. 
Since the top of the plunger is linked with the extended portion of the 
arm, this portion is also pulled down and the arm is lifted up. 

The Lamp Circuit 

On most types the lamp, which is situated on the outermost end and 
inside of the arm, is connected in parallel with the solenoid winding, so 
that when this is energised the lamp lights. On other models the lamp 
is in series with a warning lamp, so that if this lamp lights, it indicates 
that the trafficator lamp is also lit. Unfortunately, this indication does 
not certify that the arm has lifted, since with the arm sticking, both lamps 
would still light. To overcome this difficulty, the new model has a 
switch integral with the trafficator arm, and the warning lamp, instead 
of being in series with the trafficator lamp, is in an independent circuit. 
This lamp does not indicate when the trafficator lamp is lit but, what is 
of more importance, it does indicate when the arm has lifted, since the 
switch does not come into operation until the arm has practically reached 
its upward position. 
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7 . I)A.TER or TIIAFPICA.TOR, WEIGH HAS TWO SWITCHES OPEBA,TE!D BY THE 

TBAPrrCATOR arm: 

The warning lamp lights only when the arm has lifted and operated the internal switch. 
The other switch serwes as a conneoting link between the trafficator arm and the solenoid 
terminal. The warning lamp does not indicate when the trafficator lamp lights. 


Lamp Wiring 

PreTioTisly, tlie trafficator lamp connected in circuit by means of a 
short length of flexible wire, but since this 'wire was connected to both a 
fixed and a mowing part of the trafficator, much trouble ^was experienced 
by the fraying and the breaking of the wire, which either caused an open 
circuit to the lamp or created an earth. This trouble has recently been 
eliminated by proyiding a switch in the trafficator, so that the lamp wire 
is now fixed in position and the moyement is taken by the switch arm. 

Operating Switch 

The &st method of operating the trafficators was ohyiously hy means 
of a two-way switch. This arrangement is still used, but with added 
refinements such as a warning lamp fitted in the switch. The switch is 
generally fitted in the centre of the steering wheel as being the most con- 
yenient position for the driver to operate it. 

Self-cancelling Switches 

The drawback to the hand-operated switch is that, due to forgetfulness 
on the part of the driver, the trafficator arm is often left in the “up ” 
position, thus causing uncertainty of action to other drivers. To counter- 
act such action, a semi-automatic switch is fitted to the top of the steering 
wheel so that on the completion of the turn of the car, the action of re- 
turning the wheel on to the straight again automatically switches off the 
trafficator. Although the switching-off motion is automatic, the switch 
can also be hand operated if so desired, 
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How the Switch 
Works 

The moYiag part 
of the switch mech- 
anism has a plate 
contact which shorts 
out the accumulator 
feed to either the left- 
or right-hand traffie- 
ator feed. There is 
also a toggle cage con- 
taining two spring- 
operated toggles 
mounted side by side. 
Also in the cage is 
a spring - operated 
plunger haTing a roller 
at its bottom end. 
This roller rides on 
the edge of a special 
shaped steel locking plate which is fixed to the base of the switch. As the 
switch is turned to either the right or left direction, the roller rides up the 
shaped edge of the locking plate until it reaches a depression, when the 
roller is locked. Also fixed to the base of the switch is a cam which 
operates the toggles . Mounted on the inner circumference of the steering- 
wheel boss is a switch -releasing plate which catches one or the other 
of the toggles on the return of the steering wheel to the straight. In the 
normal position, this releasing plate is in between the two toggles. 

How the Switch is Operated 

When a left-hand turn is contemplated, the switch arm is manually 
turned to the left to operate the left-hand side trafficator. This does not 
only operate the trafficator ; it also causes the cam to partly shift the right- 
hand side toggle, so that as the steering wheel is turned to the left this 
toggle misses the releasing plate. As the wheel is further turned to the 
left, the releasing plate passes OTer the left-hand side toggle, causing its 
spring to he compressed and then released. On the completion of the 
left-hand turn, the steering wheel is turned to the right to bring the car on 
to the straight again, and in so doing the releasing plate catches the left- 
hand toggle and this releases the switch to the “ off” position. 

Delayed-action Switch 

Another type of self- cancelling switch works on the delayed action of a 
train of wheels. When the switch is hand operated to the “on position, 
a spring is wound up and drives a train of wheels so that, after a 



Mg. 8. — TJjNDERNea.th sidii or mjCFFicATor, arm 

Shomng the extra switch contact which operates the 
■warning lamp when the arm has lifted. When the plunger 
is drawn into the solenoid coil, the top of the plunger comes 
into contact with the switch contact strip, which is then 
earthed. This completes the warning lamp circuit. 
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period of time, tKe switcK is 
operated automatically to the 
off position . Although this 
switch does not take into 
account the time required to 
turn a corner, it is nevertheless 
a -useful switch, as it prevents 
the trafficator arm from being 
accidentally left out. 

Repairing Trafficators 

With the older models, one 
of the most common complaints 
is the failure of the trafficator 
lamp to light. This iS' mainly 
due to the hreahing of the flex- 
ible wire connecting the lamp 
to the solenoid circuit. This 



Fig. 0. — Automa-Tic cancelling switch; 

This operates the trafHcatar switch to the 
“off” position when the steering wheel is 
returned to the straight after cornering. 


wild can be replaced, but care is needed to see that there is just sufficient 
slack in the wire where it loops round the pivot pin. If this is not done, 
the arm -will not work as the tightness of the wire will prevent it. An- 
other source of trouble is the hreaking of the extended portion of the arm. 
This is a die casting and is very easily broken. To effect a repair, the 
trafficator must be removed from the car and the pivot pin knocked out. 


Fig. 10 {right). — Sexf-cancei- 

xmo TRAFFICATOR SWITCH 
This shows another tjrpe of 
switch- release mechanism which 
is made part of the steering- 
wheel boss. The two toggles are 
loose and are guided by slots in 
moulded hakelite. When the 
switch lever is moved over, the 
spring-loaded roller rides off 
the brass block and. lifts up the 
toggle, which causes the toggle 
pawl to be lifted up. When 
the steering wheel is turned, the 
release plate rides over the pawl 
and the pawl springs back again. 
On the return of the wheel to the 
straight, the release plate forces 
the toggle downwards, which 
pushes the spring-loaded roller 
on to the brass block, and with 
the help of both the slope on the 
brass block and the lever -return 
spring the switch lever is forced 
back to the “ off” position. 
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A replacement arm is then fitted, since the old one will be beyond repair. 
After fitting the pivot pin, it must be riveted lightly over to prevent it 
from coming out, tahing care in doing so not to break the casting. 

High-resistance Earth 

In two-terminal trafficators, fitted on an earth -return system, it is 
the general practice to take the earth connection to a suitable position 
on the chassis, as an earth connection on the bodywork is unreliable. If 
such a bodywork earth is used, it may account for the erratic operation of 
the trafficator, since the conductivity between the bodywork and the 
chassis is generally of a high resistance. 

Care in Connecting 

Although it is common practice not to rely on the earthing of the 
trafficator through the bodywork, it is nevertheless important to connect 
the trafficator wires to the correct terminals, as some trafficators have an 
internal earth connection, in which case crossed leads will cause an earth 
fault. 

Replacing Lamps 

Before replacing a faulty bulb, it is best to raise the trafficator arm hy 
means of the switch and to hold the arm out by hand and then switch off. 
This practice not only lessens the chance of straining or even hreaking 
the arm or its linkage, it also prevents causing an earth whilst removing 
or replacing the bulb. 

The Lamp Wattage 

Care must be taken wken replacing bulbs to make sure that they are 
of the correct wattage and voltage. This also applies to the warning 
lamps, especially if these are in series with the trafficator lamp. 

Sluggish Action 

When the movement of the arm is sluggish or uncertain, it may be 
caused by grit gaining access to the moving parts or )3y rusting of the 
solenoid plunger. It is well worth while to slightly smear a very thin 
grade of oil on to the plunger to prevent rusting, but do not overdo this 
or else the oil will gather dust and dirt which will aggravate the trouble. 

Sticking Arm 

A trafficator arm which does not go right back can be due to a strained 
arm or to an obstruction in the housing, such as a connecting wire with 
too much slack. Worn pivot pins and a worn linkage will also account 
for the arm sticking. To prevent wear on the moving parts, they can be 
oiled with a light grade of oil such as sewing-machine oil, but even this 
must be sparingly done. 



PETROL AND OIL GAUGES 

Btj JOHN L. P. I'lNKNEi', M.S.A.E.li. 

I T is a great con\rcnieiice to l)e alble to tell at a glance the anioimt of 
petrol tliere is in the tank, or vhetlier there is eiioiigli oil in the 
sump. Previously, this infonnation was arrived at by looking 
into the tank or by calculating the number of miles travelled smce the 
tank was last filled. This method did not take into aecoiiiit hill climbing, 
low-gear running, wrong setting of the carburettor, and the mmieroxis 
stoppings and startings, each of which consumes more petrol than the 
long steady pace at the engine's eco^mic speed. 

To conirni the amount of oil in the engine sump was a messy job and 
was done by the crude method of a dipostick and, for this reasoii, seldom 
done. 

Mechanical Indications 

One method of indicating the level of the petrol in the tank was by 
means of a long sighting glass fixed on the dashboard, but that was in the 
days wdien the tank was fixed behind the dashboard. Another method 
was by means of a float in the tank. A dial, gi*aduated in gallons, was 
fitted in the cap of the tank. The pointer on the dial was controlled by 
the height of the float, the motion of which was converted to a rotary 
motion. Even this system was inconvenient, as in most cases it meant 
getting out of the car to examine the gauge. 

ELECTRICAL INDICATORS 

One of the elcetriml methods at jursent used for indicating the 
amount of petrol in the tank is the Hobson Telegage dealt with on 
]){). 55-(U. A further method is by utilising a variable resistance and some- 
t iincs a jioteiitionieter in conjunction with a voltmeter. These iiidieutors 
show ajypruxiinate amounts, because it is economically impossible to have 
a device indicating the exact q^uantity of joetrol dne to the fact that tiie 
petrol is on the move all the time the car is travelling. 

Their Construction 

The system makes nso of three main parts, nauudy. the Jloul, 
hiiigod to a east-metal case, which can be screwed to the to]) of the tank. 
The hinge allows the float to rise and fall with tiie height of the petrol 
in the tank. These rise-and-fall movements are transmitted to a wiper 
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arm -wliicli wipes over the 
surface of a resistance 
winding situated inside 
the metal case. 


Fig. L— This shows thh older method of thans- 

FEHRINO THE ITI-AND-DOWH MOVEMENTS TO THE 
ROTARY MOVEMENT OP THE WIPER. ARM 


Older Models 

Previously, two bevel 
wheels Y^era used to 
convert the up-and-down 
movements to a lotary 
movement for the working 
of the [wiper arm across a circular-shaped resistance, and it was often 
found that these two bevel wheels locked together, preventing the proper 
working of the unit. 

Recent Models 

Recent models do hot have these Jbevel wheels, and this has made the 

unit much simpler 

TERMINAL RESISTANCE WINDING aild IcSS liable tO 

introduce errors 
caused by friction 
of the moving parts. 
Whereas the older 
models had a 
circular -shaped re- 
sistance necessitat- 
ing a rotary motion 
of the wiper arm, 
the new type has a 
flat strip resistance, 
will cl 1 need.s only 
a simple sliding 
action of the wiper 
arm. This sliding 
action is trans- 
mitted direct from 
the float to the 
spindle carrying the 
wi])er arm H-ncl so 
(lis[)ejiscs witli in- 
termediate trans- 
mission. 

The Gauge 

-I’ETJICL (.JAUtil'I KHOWINC THE AIOIU'I USUAL AlJ-ITHOU ^ . Indicating 

UP coNiNECTKiNs devicc is really a 



Fig. 2. —The mTEHNAX AIOIANmiMENT OE THE KESI.STANUE 
UNIT 

The flat strip resistance simplific.s tlio action of tticj wi])or 
arm and doe.s away with intoriiiediate gearing. 


INDICATOR UNIT 


RESISTANCE UNfT 



Fig. 3 . 
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Fig. 4 {right ). — P 

CrAUGU HBSISTANCE UNIT 

An enlarged view of 
the resistance unit. 
Part of the float arm 
can be seen. This arriT 
is a tight fit through a 
hole in the wiper arm 
spindle. At the top, 
left, can be seen the 
main terminal, which is 
further protected from 
the casting by a strip of 
insulation. 

differentigblly wouiid 
gal vano m et e i 
possessing two sep- 
arately wound coils 
of fine, insulated, 
c opper wire. 



These two coils are fixed at right angles to each other and they each 
provide their own magnetic field. Eoth these coils act magnet icalty 
upon the armature, w^hicli is pivoted and fioats in the centre of the coils. 
To this armature is fitted the pointer, which indicates on a dial marked off 
in gallons or is calibrated from full*’ to empty ’* with intermediate 


quarters. 


Voltage Variation 


On the face of it a simple variable resistance in series with a voltmeter, 
with the scale calibrated in gallons, should be adequate, but this is not so, 


since the voltage of the 
battery or accumulator 
would to a great extent 
control the readings on 
the gauge. It is well 
known that the volt- 
age of the accumulator 
varies a great deal with 

Fig. 5 ( r i ght).~-V^ t r o l 
GAUGE 

This shows a close-up 
view of the differentially 
wound indicator with the 
scale marked off in gallons. 
A close inspection will show 
that this is a. faulty- unit, 
since there aro a number of 
broken turns of wire in one 
of the coils. 
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the load imposed upon it, and this alone would render mideading 
the indications on the meter. 

The present arrangement of having two coils incorporated in the gauge 
makes the indications independent of these variations in the accumu- 
lator voltage. 

How the Gauge Works 

One of the coils is connected across the accumulator, and the strength 
of the magnetic field around this coil is governed by the voltage of the 
accumulator. This coil acts as a holding coil and it has a tendency to pull 
the pointer of the gauge to tlie empty ” mark. It also prevents the 
pointer from floating about all over the dial, since tlie movenient is not 
s])ring-controlled in any way. The other coil is also connected across 
the accumulator, but in this case it lias tlie resistance unit in series with 
it, so that the strength of the magnetic field of this, the control coil, is 
governed not only by the voltage of the aocnmiilcator hut also by the 
amount of resistance tlierc is in series vu’tli it. It \vill now be understood 
that any variation in the accumulator voltage, uhioli v^ould otherwise 
upset the dial reading, will he caneelledout by the t wo op])osing coils. 

With the Tank Empty 

When the tank is empty, tlie float will ]>o down and the resistance- 
wiper arm will be at the extrenie end the resistance winding, tlius 
leaving all of the resistance in seri<‘s wdth tlu^ control eoil of the gauge. 
This will wnakenthe magnetic ludd around links (toil to sneli an extent as to 
leave the holding ” coil full eontujl overtJie jK)siti()n o(‘ tlut ]Kji liter, and 
so the pointer is hirced over to the h‘ft or “ (Miipty " .si(h' of Eui dial. 

With the Tank Full 

With the tank full of petrol, tlie floa.t will lie up and tlu^ u^sistaiicc- 
waper arm will he forced along to tlu^ oilicu- end of irsistancr binding. 
This will (tut out the resistaiuv hei.wcaai tint conlrol coil and 1 lot iic(tuimi- 
lator, so that tint sti*eiigtli of tlut iiiagiKd i<t liidd a/i'oimd iliis ooil will bo 
iiicjeasod sufficic'iitly to 1uk(> oviu* IIk.^ control of th(‘ pointer, so tluit 
it will indicate a full. tank. 

Oil Gauge 

On Roiuo cans, tlic^ g-'tug<i <dso iiidicai<‘.s 1h(‘ a.iiioniii of oil in llic suni]). 
As there is no ad vavniagc in Ixahig able t o wni fy t Indcvvl ofhoMi I lic' ])etrol 
and the oil at the same nuanent, tlu? one ganger do('S dut y for both pur- 
poses. Toindicate tlicoillevel,! hero is «‘x rcsisianc^e ii nil and adloat inthe 
oil sump. Mounted on the ditshboa.rd is a, clnnigci-ovu^r sAviPdi, so tliat 
one or the otlier resistance unit can be placed in circ/uit with the ; 
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Servicing of Petrol 
Gauge 

The three mot^t 
euiiimon faulty 
occurring with tliese 
X)eta‘ol gauges are 
broken resitstaiice 
winding in the tank 
unit, burnt -out coils 
ill the indicating 
unit, and had con- 
tact hetweeii tlie 
wiper arm and the 
resistance winding. 
In the case of the 


OIL 

RESiSJANCE umr 
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first two mentioned faults, the oiilf xmactieal proposition is to replace 
the faulty units. A had contact between the wiper avni and the resistance 
winding can he remedied by slightly bending the wixier arm so that it 
presses more firmly on to the winding. 


Cate to be Taken 

When the tank unit is being removed, care must be taken not to bend 
the float arm, otherwise, wlien it is replaced, it will cause false rcuuliiigs to 
show on the gauge. 


Indications of Faults 

When the ignition is switched on and the gauge j)»*inter does imt move, 
it indicates that no current is rcadiingthc coil windings. This fault can 
therefore he due to either a broken connection Iwdu'cen the ignition 
switch and the gauge, or the two gauge coils open-circuit cd. Aflien the 
pointer indicates “empty ” all the time, it is probably due to either a 
sticking float, a break in tlie resistance winding, or ;i hiirnt-cut control 
coil. But with the pointer on the ‘'full ” mark all the time, the break 
in the circuit will be in the holding cuil, or else the tloat is .sticking in the 
‘‘up ’’ piosition. 


Low Reading on Gauge 

One reason for a low reading showing on the gauge is a heavy iKud. 
There are two types of lloat in use, one being tlie usual sealed metal 
container, the other type being made of cork, siiitalily ]>rotectcd by a 
covering of petrol-])roof varnish to prevent it being .soaked with ]ieti'ul. 
In the metal type, the slightest hole tvill allow jietrol to see]> through and 
this wdll cause the float to become too hca^y. Damage to the protect ivc 
coating on the cork float will allow the cork to hecome saturated with 
petrol, causing the float to have more weight. 
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Mode of Connection 

These fault positions refer mainly to 
gauges connected up as in Pig. 3. This 
should be made clear, since there are vaxions 
methods of connecting up, as will be seen 
in the other diagram, Fig. 7. For instance, 
when the holding coil ” and the ‘‘ control ” 
coil are on the oj^posite sides to those shown 
in Fig. 3, the faults, showing the pointer at 
‘"full ’’ or ‘"empty” as the case may be, 
will be the reverse of those given above. 



H'l'l'I'H 


Fig . 7. { lejt ) — This shows one arrangement of 

CONNECTIONS HTIEISING A POTENTIOMETER 

Both coils of tlio gauge ai© across the battery 
toiKling to force the pointer to the centre of the 
dial. The position of the wiper arm determines 
which coil is the control coil. 
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Series A . — (In general use up to about the end of 1931.) Tiie cliief 
outside distinguishing characteristics are a glass iilter howl and a hori- 
zontal lower body coTer. The linkage is attached to an inward extension 
of the rocker arm, and is hinged to absorb the movement of the eccentric 
when fuel is not requii'ed by the carburettor. 

Series B . — (Used since 1931 on cars of about 10 h.p. and upwards.) 
This model — illustrated in Eig. 2 — -also has a glass filter howl, hut the 
lower cover of the body is of a sloping pattern, and the rocker arm 
hears on a pin fitted in the linkage. 

Series M , — (Used on small cars during 1932-33.) Has a sloping 
lower cover to the body, hut has a sediment bowd incorporated in the 
pump itself, similar to that shovm in the Series T section (Fig. 1). 

Series T . — (Used on small cars from 1933.) Has a built-in sediment 
howl also, similar to the Series T, but the body is a single-piece casting, 
having no lower cover. An important internal difference is that the 
plug-type valve retaining device, used on the Series A, B, and M, is 
replaced hy the plate-type assembly shown in Fig. 1. 

Series T . — (This is the latest and most efficient type of A.C. pump.) 
As Fig. 1 shows, the body is a single-piece casting with no lower cover, 
and the sediment bowl is incorporated on top of the pump. 

Instead of the long rocker-arni device, A.C. pumps are sometimes 
designed for push-rod method of operation. 

TESTING 

For rapid testing of a pump in which trouble is suspected, the A.C. 
])ec)ple have devised an ingenious analyser which enahles the operation 
of a pump to be checked without removing the unit from the car. Use 
of this analyser undoubtedW saA^es time, if only for revealing, perhaps, 
that tlie ])uni]) does not. after all, require servicing, for, as regular 
re])aircrs of fuel ])iiin])S are Avell aware, inefiieiency is vrongly attributed 
tc.) these components with annoying ff‘oqueiicy. (Full instructions for 
it s use ore given with every analyser, so that there is no point in describing 
it in detail liere.) 

A golden rule for mechauies who are new to fuel pump servieiiig is : 
“ Don’t assiiine that a ]uimpis inetHcient. however strong the indications, 
without first carefully cxaniiuing all possible contribiitorv factors. " 
That may sound eleuientary, Init it l)ee(>iuo.s less so with the knowledge 
that pumps liav^e often been condemned by their owners for no otheu* 
luason than that- the petrol tank was enqity, 

Leakv, bent, or choked tubing and leaky couneetitms are trequent 
causes of trouble -sucdi as a lack of fuel at the carburettor, and difficulty 
in starting -wliicdi should be looked for before toiiehing the pum]) itself. 
Similarly, conqlaints of leakage of fuel at the diaphragm (.*an sometimes 
he traced to a iavdt iu the pipe fitt ings, fuel ha\'ing run down the pump 
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liij. 3. — To DISMAN-TXE THE PUMP (1) 

Attach it fco”an A.O. test stand, and mark the position of the top oo\' 0 f rolativ’-c to the 
body casting. 

in such a manner as to appear to be coming from the diaphragm hange 
itself. 

Vapour Lock 

Another occasional non-pump cause of poor fuel delivery is vapour 
lock, due to some part of the pipe system being located too close to the 
exhaust system, the latter heating the fuel enough to make it vaporise. 
As a matter of fact; the pump itself can also be guilty of vaporisation 
if its installation is such that no cooling draught can rc'ach it, or if it is 
placed too near the exhaust system. In the latter ev(‘nt, the ti'oiible 
can he cured by fitting a small shield. 

Filter Cover 

If the lack of fuel pjersists after the tuhiiig and (^oniior*l ions have heeii 
checked, examine the filter cover (in the ca.se of Series, M, Y, and T 
pumps). If it is loose, tighten the nut, making sure tiiat the cork gasket 
fits p)erfectly in its scat and makes an airtight joint v^ithout lieiiig unduly 
compressed. 

Alternatively, the filter screen it.solf may he dirty, in which (.tase it 
should he removed and cleaned (Fig. 4). 

The relative treatment for Series AandF [uimps consist. s in examining 
the glass bowl to ascertain whether it i.s loo.se ; if it is, tighten the thiimh 
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Fig, 4. — To disma.ntle the pmip (2) 
Take off filter cover ky removing cover 
screw, and remove gasket and filter. 


Fiff. 5. To DISimisTLE THE PIT^DP (3) 

Detach tlie top casting by taking out the 
six fijcing screws holding it to the body. 


nut, liere again making certain tliat the cork gasket lies flat in its seat. 
If tlie howl is not loose, look foi a dirty dlter screen. 

Leakage of Fuel at Edge of Diapliiragm 

Leakage of fuel at the edge of the diaphragm is a trouble tThich can 
sometimes he cured tvitliout renioTing the pump from the car, hy checking 
the coTer scre’vvs. If they are loose, tighten them, not consecutirely but 
alternately (Fig. 18). 

Flooding of the Carburettor 

Perlia])s the most outstanding malady which some car owners assume 
to be due to tlie fuel pump is flooding of the carburettor. The pump is 
neyer wlioll}^ the cause, altlioiigli it can sometimes aggravate the flooding 
as a consequence of air getting drawn in through leaky pipe joints or the 
filter gasket. The iiornial remedy for carburettor flooding is to check 
the unit for adjustment, or clean out the float chamher. 

hloisy Pump 

If a puni]) is cGin])lained of as being noisy — due, iiresuiiiahiy, to worn 
or broken ])arts — it may save trouble, before dismantling it. to run the 
engine minus the ])nm]) to ascertain Avhetlier the noise is nut, in fact, in 
the engine itself. Care should be taken, of course, that oil does not 
escape unduly through the pump -mounting hole. 
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Fig. 6. — To dismantle the ruAir {4) 

'.Remove screws valvo retainer 

to top casting, take out valves, springs, an<l 
valvo-spriiig retainer, aiici place all lairts 
in clean, paiuilin bath. 


Fig. 7. - - To ijisi\ia.\'t.le the i’L'mp (5) 

Df'tacli (liapliragio and pull-rod 
assembly IVoin link by pi'essitig down and 
giv^ijig a ({uarter turn. 


() Dj.s,\TA.\'j’in'; r/(E pcmi 


Jdutach ])umj) from test stand, take 
diivo out pin by nicuiiis of a- drirtn )d . 
and (it iittoil) twos ' ; wusliors. 


•spniij 
is will 


■nni iini-i (‘U( 
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Fig, 9. — To ^ssE-MBLE rooketi a.etvi a'nd lt\i< asseimbia' (1) 
Catlior togotlier parts sliawii. 


Dismantling the Pump 

If none of the j)Teliminary tests and cheeks descxihed above has 
succeeded in locating the trouble, and it is decided that the pump must 
he taken to pieces for rectification, the following procedure should be 
followed. The pump chosen for the purpose of the illustrations is a 
Series T, hecause of its popularity, but, as a matter of fact , the instructions 
give a good idea of the manner in which all the lunnps of the A.C. range 
should he handled. 

Special Test Stand 

It is assumed tliat the serviceman vdio undertakes the overhauling 
of an A.O. pump possesses the test stand s|)ecially designed for this 
pur])ose (see Fig. 3). The stand consists of a U-shaped apparatus which 
is bolted to the hench, and to the top of which the pump is attached by 
means of speci<al holts and wing-nuts supplied. The stand is connected 
to a reservoir containing the testing fluid, and the results of a test are 
shown on an easily seen gauge. (Iiicidentalh% this test stand can be 
obtained from Delco-Remy and Hyatt Ltd., Ill Grosvenor Road, 
London, S.W.l, wlio are, of course, the olficial A.O. service organisation 
for Great liritain, Northern Ireland, ami Eire.) 

Mark the Position of the Top Cover 

The pump having l)een attached to the stand, tlie posit ion of the top 
cover relative to the bod}" casting should be marked, h\’ moans of either 
a eentre-punch or a file (Tig. 3). This is a most essential part of the 
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pro ceedings which , 
if forgotten, is 
almost hound to 
cause loss of time 
when reassembling. 

Take off the 
filter cover by 
xemoving the cover 
screw, and remo-ve 
the gasket and filter 
(Fig. 4). Detach 
the top casting hy 
taking out the six 
fixing screws which 
secure it to the body 
(Fig. *5). Take oat 
the three screws 
which hold the 
valve retainer to the top casting (Fig. 6). Tliis will release valves, 
springs, and valve-spring retainer. All the parts so far disassembled 
should now he placed in a clean paraffin bath, which should be kept 
apart from the hath used for cleaning the remainder (and comparatively 
dirty) parts. 

Remove the diaphragm and pull -rod assembly from the link hy 
pressing down and giving a quarter -turn (Fig. 7). Detach the pump 
from the test stand, remove a spring clip from one end of the rockcr-arin 
pin, and drive out the pin by means of a drift-rod (Fig. (S), which sliould 
be about five -thousandths undersize. This ^v\\\ rcknsc the rock(‘r arm, 
link, rocker-arm spring, and (if fitted) two spacing washers. 

Clean and Examine All Parts 

All parts should now he thoroughly cleaned, and examined to ascertain 
the cause of the pump’s inetficiency. Radiy worn parts iimst, of course, 
be replaced, and it is best to replace all guiskcds. Iiowcvum* iKuilthy they 
may appear to bo. 

Reassembling Rocker Arm and Link Assembly 

To reassemble the rocker arm and link assembly, li^ailicr together tlie 
parts shown in Fig. 1). If the spring is distorted or fn-oken, it should, of 
course, bo replaced, and the same applies to the other [larts. If the 
rocker arm has to be renew'cd, make sure that tlu^ coireet tyi)e is fitted, 
otherwise insuTieient or excessive movement may ocein-, together with, 
perhaps, breakage of the arm and piini]) body. In the evase of push -rod- 
actuated pumjrs, the ends of the push -rod should be (dosely examined for 
wear, and if necessary the rod must be renewed . 



Fig. 10. To ASSEMBLE EOCKER ARM AWD LINK ASSEMBIW (2) 

Insert driftrod into one side of rockor-arin-pin hole, and 
put on spacing washer and link. 
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The quickest 
way to reassenible 
the rocker-axm 
assembly is to 
insert the drift-rod 
(previously used in 
breaking down, the 
unit) into one side 
of the rocker-arm- 
pin hole, and to 
arrange on it first 
one spacing washer 
(if fitted) and then 
the link (Eig. 10). 

Still holding the ll. — To ASSEMBIB rocker arm AKD XENK ASSEIIBXY- (3) 

drift -rod, place the Place rocker-arm spring in position, 

r 0 cker -arm spring 

in the position indicated in Fig. 11. Next, place the rocker arm on the 
drift-rod between the faces of the link (making sure that the pip on the 
rocker arm fits snugly into the end of the spring), place the second spacing 
washer (if fitted) on the drift-rod, and drive out the rod by means of the 
rocker -arm pin, to one end of which a retainer clip should first have 
been fitted (Fig. 12). When the pin is right home, be sure to snap on 
the second retainer clip to the other end of the pin. 



Valve Assembly 
Parts 

The order of 
assembly of the 
val ve -a ssem b 1 y 
parts is illustrated 
in Fig. 13. Before 
reassembly is com- 
menced, however, 
the j}arts must be 
individually exam- 
ined. If the valve 
seats in the cover 
casting or valve - 
retainer plate are 
worn, do not 
attempt to leface 
them, hut renew 
the affected ] )arts 
as a whole. Unless 



FUj. 12. To AS yEMBXB ROCKER ARM LINK ASSEMBLY' (4) 

Place roc'kcr arm and secoiul sixiciiijz m drift -rod, 

til 1(1 drive cut the rod hy means of the ri'rekcr-ariii pin. Snap 
on. rotaiiLor clips at each end of t lie pin. 
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13. OJIDTIII 03'’ 3t3']l’JiA( UMI'INT (H' TII3<J VA.LV3<! A.S;*EMliLY' J'Ali'rw 


tliey ^ire in first-class cojidition, the -valves slKnilcI 1)0 nqJaoed by now 
ones. In this connection it will be found convenient iilvvays to icop a 
snpply of vcalv'-es soakiiin^ in parafiiii and ready for use, if a fair amount 
of pnmp ovcTluiuling is to be iiiidcrtaken. 



J'V(/, 14. To ASSnMBIJiJ VALVE (1) lo. '|'«J ASSE.MMLE YAIAK I'AIITS (I'j 

Put in .spring witli tho Ml voKv rduinor plate, ^ il li i(.s ^aski't 

ou])p('<.l })urti()ii ilowtiYvards, then tiio muL-rnrath, and seciii'o Uv' tliivn scroA’.s. 
inns and vaJ\'(‘S. 
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Fig. 1C. ^To ASSEMBLE FILTER UKIT 

Put together parts in order shown, taking care not to iiij ure gasket. 


The valve springs should also be renewed. On no accotznfc should 
the^ be stretched or altered in any' way. Springs or valves which have 
been tampered with can easily result in. difficult starting. 

Assembling the valve parts is a tricky business, and requires nimble 
fingers and steady hands. Tirst put in the spring retainer, with its 
cupped portion downwards ; then one valve, with the pohshed face 
towards the valve seat ; insert the springs — -one in the spring retainer 
and the other on the valve — and balance the second valve on top of the 
spring in the spring retainer, with the polished face towards the valve 
seat (Fig. 14). Finally, fit the valve^retainer plate, making certain that 
the gasket is underneath, and fix by three countersunk screws (Mg. 15). 

Gumminess — a Possible Cause of Yalve Trouble 

A very^ occasional valve trouble which niay^ be mentioned here is that 
of gumminess, the result of impure fuel, and sometimes, to a certain 
extent, of upper- cylinder lubricant. If gumminess was noted when the 
valves were taken down, the attention of the car owner should be dra\\ii 
to the fact to prevent reoccurrence of the trouble. 

Filter Parts 

Having completed the valve assembly^, put together the filter parts 
in the order shown in Fig. 16, and make certain that a fibre washer is 
placed under the head of the cover setscrew. And when tightening this 
setscrew, ensure that the gasket lies fiat on its seat, and is not broken or 
unduly compressed. 

M.E.O. lY. 9 
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Fig. 17. — Completing assembly of 
PXJMP (1) 

. Attach body to test stand, replace 
diaphragm spring, and refit diaphragm and 
pall -rod assembly by pressing down dia- 
phragm and giving it a quarter -turn. The 
final operation in assembling the pump is 
shown in the next illustration. 


Mg. 18. — Completing assembly of 

TUMP (2) 

Eeplace top cover, screw in six cover 
screws finger tight, press in rocker aim, 
and then move it away from the pump body 
so as to fiex the diaphragm (on A, B, and 
H models this action is reversed). At the 
same time, tighten the fixing screws 
alternately. 


Diaphragm Spring 

Tlie body should now be reattached to the test stand, and the 
diaphragm spring placed in position — or a new one fitted if the old one is 
broken or distorted. It is of the utmost importance to ensure that the 
correct type of spring is fitted. Before refitting the diaphragm, exsimine 
it carefully; and unless all the layers are in perfect condition they 
should be completely renewed. Also see that the pull-rod is not badly 
worn where it engages with the linkage. When satisfied that the 
diaphragm assembly is in proper order, refit it by pressing it down as 
shown in Big. 17 to overcome the spring resistance, and giving a ciuarter- 
taxn when the end of the pull-rod engages with the linkage. 

An important point to note at this stage is whether the holes in the 
diaphragm are properly in line with the screw holes in the body casting. 
If they are not, twisting of the pull-rod may result to sucli an extent as 
to cause it to foul the body, or make the linkage noisy in operation. 
Complaints of noisy pumps are sometimes traceable to this cause. 


Diaphragm must be Properly Flexed 

Replace the top cover assembly, and if the top -cover flange shows any 
sign of distortion, fit a cork gasket on top of the diaphragm. Screw in 
the six cover screws fingertight, move the rocker arm away from the 
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Fiff. 19 . — ^Testing the pumcp 


Oonnect left-hand hose to inlet coiuLeetion marked “ In,” and right-hand hose to outlet 
of pmnp. Open test cock, pump up on the priming lev'er, or rocker arm, about tvrelre 
strokes. This should lift testing fluid from reser\'^oir, through pump, and fill the pipe-line. 
Shut off cock, again pump up, and pressure mil be shown on test gaiige- Pressure should 
remain for several minutes. 


pump body so as to flex the diaphragm correctly, and at the same time 
tighten the fixing screws, on alternate sides, "wdfcli a screwdriver (Fig, IS). 
The importance of flexing the diaphragm correctly cannot he over- 
emphasised. If the diaphragm is not properly flexed, an inefficient 
pump will result, causing starving at high speeds, difficulty in starting, 
and so on — if not a torn diaphragm. 

It should be noted that it is impossible to flex the diaphragm correctly 
whilst the pump is still fitted to an engine. 

Testing the Pump 

The final operation is to test the pump. This is accomplished by 
coruiecting the left-hand hose of the test stand to the inlet connection 
marked In,’’ and the right -hand hose to tlie outlet of the pump. Open 
the test cock, and pump up on the priming lever (or rocker arm) about 
twelve strokes. This should lift the testing fluid (paraffin is recommended 
for safety’s sake, but petrol may be used) from the reservoir of the tester, 
through the pump, and fill the pipe-line. Whether this desired result 
has been achieved or not can be ascertained by consulting the sight glass 
(Fig. 19). Next, shut off the cock, again pump up, and the pressure will 


132 [VOL. IV.] ELECTRICAL AND ACCESSORY EQUIPMENT 

A.C. FUEL-PUMP TBESSURES 


Make of car 

1 Model 

1 Year 

1 Pressure {lb.) 

Alvis 

All 

1929-34 

If 

Armstrong -S iddeley 

20 h.p. 

Special 

Others 

1933-38 

1933-37 

1931-39 

1 

Auburn . 

— 

1928-37 


Austin 

7 h.p. 

1932-39 



Others 

1931-39 


Bedford . 

All 

1931-39 


B.S.A. . 

All 

1932-39 


Buick 

60, 80, 90 

1929-39 

5 

Others 

1929-39 


Chevrolet 

All 

1929-39 


Chrysler . 

All 

1930-39 


Commer . 

All 

1930-39 


Daimler . 

All 

1930-34 

H 


20-25 b.p. 

1935-36 

H 


15 h.p. 

1935-39 


Dennis 

All 

1930-34 

2f 

De Soto 

All 

1933-35 

H 

Dodge 

All 

1934-39 

4 

Bord 

8 h.p. 

1932-39 

If 


y-8 

1933-39 

H 


Others 

1932-35 

If 

Graham -Baige 

All 

1934-39 


Hillman . 

Minx 

1932-39 

2f 

Hudson . 

Others 

1931-39 

3f 

All 

1934-39 


Humber . 

12-14 li.p. 

1933-38 

3f 


Others 

1930-39 

3f 

Hupmohile 

All 

1934-35 

H 

Jowett 

All 

1932-39 

If 

L agenda . 

All 

1930-34 

If 

Lanchester 

10 h.p. 

18 h.p. 

1932-37 

1932-34 

21 


12 and 18 li.p. 

1934-39 

1 

La Salle . 

All 

1934-39 

4 

Oldsmobile 

F35, L35 

1934-39 

:u 4 

Packard . 

120 

1934-39 


Plymouth 

PJ 

1934-35 


Pontiac . 

All 

1934-39 


Hover 

Pilot 

1932-33 



Others 

1932 33 

1 


10-12 h.p. 

1933- 3(> 



Others 

1933 39 


Singer 

All 

1930-34 

2.1 


All 

1937-39 


Standard . 

9 h.p. 

1930-3S 


> J 

Others 

1930-39 

i 

Studebaker 

All 

1934-39 

31 

Sunbeam . 

1 6-20 h.p. 

1929-32 

If 


20-25 h.p. 

3933-34 

If 

Talbot 

All 

3929-32 

If 


65 and 75 

3933-36 

If 


95 and 105 

3933-36 

3.i- 


10 h.p. 

3936-38 

2i- 

Vauxhall . 

All 

1929-39 

2f 
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be sbown on the test gauge. If the puinp is O.K., the pressure 'vrill 
remam fox sereral minutes. The correct pressures for the various types 
of pump are given in the table on p. 132. 

When refitting the pump to the engine, make sure that the cam 
surface of the rocker arm rests against the eccentric and not under it, 
other-wise a broken rocker arm will result. 

Special Points 

EoUowing are some special points to observe when overhauling 
particular types of A.C. pumps : 

Series A and B. — (1) To detect -whether the upper cover is distorted, 
place the filter bowl loosely in position, -without its gasket, and try to 
rock it. If slight distortion reveals itself, cure by fitting a new gasket ; 
if the distortion is excessive, renew the cover. (2) Damaged glass filter 
bo-wls must always he replaced ; alternative metal bowls are available if 
desired. (3) Poor delivery of fuel can sometimes be alleviated by fitting 
an air dome in place of the delivery-valve plug. (4) Move the rocker arm 
towards the pump body when flexing the diaphragm. (5) The normal 
diaphragm movement should he -25 in. 

Series A.— After refitting the xocker-arm pins, the ends of the holes 
in the pump body must be riveted over. 

Series B , — ^Unless it is already fitted, substitute a lower protector of 
the same large size as the upper protector on the diaphragm, instead 
of the small size originally fitted. This wdll increase efficiency. 

Series M. — (1) Move the rocker arm towards the pump body when 
flexing the diaphragm. (2) Normal movement of the diaphragm should 
be -187 in. 

Series Y. — (1) Move the rocker arm aw^aj from the pump body when 
flexing the diaphragm. (2) Normal movement of the diaphragm should 
be *172 in. 

Series T. — (1) Move the rocker arm aw^ay from the pump body when 
flexing the diaphragm. (2) Normal movement of the diaphragm should 
be *26 in. 

Maintenance 

The AC petrol pump requires very little attention in operation, but 
periodically the sediment chamber should he inspected and, if necessary, 
cleaned out. 

Where the sediment trap is a glass bowl attached to the upper half 
of the pump body, it is a simple matter to detect the presence of sediment. 

Where the sediment trap is situated under the top cover, the cover 
should be removed (while the engine is stationary, of course), and the 
filter gauze lifted out. The presence of grit, etc., in the sediment chamber 
■will then be apparent. Eemoval of the small screw imderneatli the inlet 
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connection will allow the petrol which is in the sediment chamber to 
drain off. Any grit, etc., which remains in the chamber may then be 
wiped out with the aid of a piece of rag over the end of a small stick. 
Replace the screw, gauze and cover, taHng care that the cork gasket 
under the cover is in a good condition. It is a good idea to fit a new 
cover or sediment bowl gasket every time the sediment is removed. 



WINDSCREEN WIPERS 

% JOHN L. P. PINKNEY' M.S.A.E.E. 


T here are many types of windscreen wipers fitted to cars, but 
practically all of them work on the same principle. An early type, 
occasionally met with, consists of a cylindrical casing containing a 
solenoid coil, a plunger, and contacts. \^en current is switched on, 
the solenoid coO hecomes energised and the plunger is drawn into the 
coil, but at the same time the plunger compresses two springs, so that 
when the contacts are opened at the completion of the stroke of the 
plunger, these springs supply the energy for the return stroke. At the 
end of this stroke the contacts close again, and the plunger is again 
drawn into the solenoid. 

The Oscillatory Movement 

One side of the plunger has teeth cut in it to form a rack, which 
engages with the teeth of a pinion wheel mounted in a bearing within 
the outer casing. The oscillating longitudinal movement of the plunger 
is then converted to an intermittent reversing rotary action to the pinion 
wheel. Attached to the spindle of the pinion wheel is the squeegee 
blade, which wipes across the windscreen. 

The Time Lag 

If this was all, the wiper arm would flash hack and forth across the 
screen at a fast rate, and to prevent this a dashpot is itted at the end 
opposite to the solenoid coil. On the end of the plunger is a leather 
washer which fits into the dashpot. When the wiper is first switched on, 
the dashpot allows the plunger to he drawm rapidly into the solenoid 
coil, but on the return stroke the springs tend to push the plunger hack, 
but the dashpot prevents this until the air in the dashpot has had time 
to escape through an adjustable air leak. 

Irregular Movement 

Whereas the ordinary wiper sweeps across the screen at a xegnlar 
speed, the solenoid type can be distinguished by the rapid SAveep across 
the screen and then a distinct pause. The time-period of the stroke 
can be adjusted by the air leak. 

Adjustments 

When the strokes are too frequent, a few drops of oil on the leather 
washer, to make it more pliahle, will render it more airtight, and this 

135 
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\ I 



Fig. 1 ilejt). — The im- 

PUISE MOTOR, SCREEN 
WIPER 

This shows th© im- 
pulse motor with the 
cover removed, hut with 
the switch and starting 
knob in position. 


Fig. 2 [right). — Im- 
pulse MOTOR PjLRTS 

The two main, com- 
ponents of the impulso 
motor. The field coil is 
wound round the limb 
cf the Held polos which 
are laminated. The 
rotor is also laminated 
and these are rivetted 
together. The fibre 
cam can he seen on the 
shaft of the rotor. 
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rTRA/Lm EDGE OF FIELD POLE 

TRAILING EDGE OF ROTOR TOOTH 


CONTACTS 
Vi/ST CLOSED 



k ^CAM 
^LEADING EDGE OF FIELD POLE 

Fig. 4. — Timing or cootacts — contacts closed 

The "best position, of the rotor in. relation with the contacts 
is to have the contacts just closed when the trailing edge of 
the rotor tooth is approximately in. before the trailing 
edge of the field pole. 


wiO lessen tlie mim- 
ber of strokes in a 
given time. A failure 
to v^ork may be due 
to the intemalswitck 
making bad contact, 
and the switck blade 
should be bent to 
press more firmly on 
to the contact stud. 


IMPULSE MOraR- 
TYPE WIPERS 

Most present-day 
wipers are operated 
by an electric motor 
which either forms 
a part of the wiper 
oris a separate nnit. 

There are two patterns of motors in general use, namely, tlie impulse 
motor with synchronised make-and -break ’ ’ contacts, and the com- 
mutator motor. 

The impulse motor is not self-starting, and the armature or rotor 
must be given a preliminary spin for it to continue to rotate. This 
motor has a peculiarly shaped laminated rotor which rotates between a 
pair of laminated pole-pieces set at an angle of approximately 90®. On 
the end of the rotor shaft is a square piece of fibre with rounded corners 
which actuates the opening and closing of the two contacts. There is 
only one winding, and that is the field winding, which is wound on the 
core of the laminated 
pole -pieces. 

Synchronised Im- 
pulses 

The field winding 
is connected to the 
battery supply by 
way of the two con- 
tacts. The square 
piece of fibre on the 
end of the shaft 
opens and closes 
these two contacts 
in synchronisation 
with the position of 



TRA/LJNG EDGE OF ROTOR 
'^LEAD/MG EDGE OF FIELD POLE 

Fly. 5. — Timing oe contagts— contacts open 

Wlien. the trailing e-dge of the rotor tooth is in line with 
the leading edge of the tieki pole, the contacts should just 
open. 
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Fig. 6. — How motion is transmitted to the wiper 

These two photographs show the two extreme opposite positioas of the rack aad from 
these can. be visualised the backward and forward movements of the squeegee arm 
spindle. The rotor pinion drives the right-hand toothed wheel which in turn drives the 
large crank wheel. 

the rotor teeth in conjunction with the pole -pieces. This position is 
■very critical, and if the square fibre is forced round only very slightly, 
the rotor will refuse to rotate electrically and vnll loch itself magnetically 
to the pole-pieces. 

The Starting and Stopping Switch 

The operating switch for the motor is mounted close up to the rotor 
shaft, and consists of two bent pieces of brass. On the rotor shaft is an 
ebonite knob which projects outside of the wiper casing. It is this knoh 
which has to he pulled out and given a twist to start the motor, and when 
the knob is pulled out it allows one of the brass strips of the switch to 
press against the other brass strip and thus complete the electrical 
circuit. 


Timing of Contacts 

When the fibre cam is out of adjuwstment it will ho necessary to 
readjust the position of the contacts, by slackening; off the two screws 
or nuts which hold the contact plate in position, and to move the plate 
backward or forward until the right setting is secured. Tlie best 
setting is achieved by having the contacts just closed when the trailing 
edge of one of the rotor teeth is in front of the trailing edge of tlie field 
pole by approximately in. This will bring the trailing edge of one 
of the teeth of the rotor level with the leading edge of the pole -piece 
when the contacts just open. After the contacts liave been set, the two 
screws holding the contact plate are again tightened. If the correct 
setting cannot be obtained by moving the contact plate, it is possible 
to slightly turn the fibre cam on the shaft, as this is only a tight ht. 
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7.— Adjustment oe rack 

To give the squeegee arm. its full 
sweep across the windscreen, mesh 
the centre tooth of the rack with the 
pinion at the pop mark. On the 
squeegee arm spindle are notches 
which are for the purpose of securing 
the squeegee arm, and these notches 
can be either at the top or bottom, 
depending on whether the motor is 
fitted at the top or bottom of the 
screen. 

Broken Contact Spring 

When the how spring of the moTiiig contact of the mahe-and-break 
broken, it will be necessary to fit a replacement contact plate, and it 
11 also be necessary to retime the action as gi^en ahore. 

The Gearbox 

The continuous rotary motion of the rotor has to be conrerted to an 
oscillating motion so that the squeegee is moved backwards and forwards 
across the screen. To enable this to be done, the rotor shaft drives 
through pinion wheels to a crank which in turn oscillates the pinion 
attached to the squeegee arm spindle. If the crank is removed at 
any time, and is replaced wrongly, the arc through which the squeegee 
arm moves may be lessened. The correct method of replacing the crank 
is to mesh the centre tooth (there are five) of the crank with one of the 
teeth of the sqneegee-arm pinion, which is centre -popped. 

COMMUTATOR MOTOR-TyPE WIPERS 

Windscreen wipers having commutators and three -pole armatures 
are self -starting and have a larger driving power than the impulse motor. 
The gearbox is very similar to the one previously mentioned. 



The Switch 

On the outside of the wiper cover is a shoit arm which is riveted to a 
contact blade on the underneath side of the cover, and is therefore 
directly earthed to the cover. By turning the switch arm to the on 
position, the contact blade wipes over a brass connecting strip which is 
mounted on the brush -gear plate. With the brass contact strip in this 
position, the connecting strip is earthed, thus completing the circuit 
from the accumulator through the motor bindings and to earth. 

Parking Position of Squeegee 

To enable the squeegee blade to be parked clear of the driver’s vision, 
the squeegee spindle projects through the front of the motor casing 
and this portion is bent round to form a loop. With the switch in the 
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Fig. 8 [left) . — CoM- 
MUTATOK. MOTOR 
SCREEN- WIPER 

This is a complete 
wiper as sent out hy 
the makers’ with the 
fixing bolts and r-ubber 
washers and packing 
pieces. The looped 
end of the squeegee 
arm spindle is located 
in the “parking’’ 
position with the end 
inserted into the hol- 
low of the switch 
handle, 


Fig. 9 Commutator motor 

SCREEN WIPER 

Showing the three -pole armature 
with a pinion-drive shaft. The teeth 
of the pinion are cut out of the solid 
shaft. 


Fig . 1 < J [left) Com - 

MLTATUR MOrOR 
S<JltEI';N' WIPEK 

Thi.s shows the 
motor with its cover 
reinov-ed. Inside the 
cover i.s tiie switch 
lilado whicli wipes over 
and makes contact 
with tlio coriaccting 
strip marked with a 
cross. Tl'io track made 
by this switch blade 
can also bo seen on 
the insulated plat- 
form. 
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off position, tlie squeegee spindle can be pulled for^rard and turned 
so that the squeegee blade is iu the parking position. Tliis action is 
possible, since tlie squeegee spindle is put out of mesh "witli the motor 
gearing when the loop is pulled out. With the sAvitcli lever in the ‘‘ off ’’ 
position, the end of the loop can then be dropped into the hollow 
end of the switch lever, thus locking both the switch and the squeegee 
arm. 

Twin-arm Wipers 

To enable two arms to be linked together, various methods are used. 
One method is a toothed wheel fixed on the squeegee arm shaft on the 
outside of the motor unit. This wheel is in mesh with an internal 
toothed rack which is extended across the screen to a similar rack meshed 
with a toothed wheel driving the second squeegee arm. The rack drive 
is usually hidden in the bottom screen rail, which is cut away to take 
the gear. 

Remote Motor 
Drive 

The later 
method of dual- 
ami control is to 
have the motor 
minus tlie rack 
gear, but having a 
reduction gearbox 
fitted behind the 
dashboard, gener- 
ally under the 
bonnet. The drive 
from the contin- 
uously rotating 



Fig. 12. — Reiiote scheen- wiper :motor 

Tlii.s is a coniniutator motor with a gearbox to reduce the 
speed to that required by the squeegee arms. 'Fhe size of the 
motor is inucli larger than motors that are fitted ilireet on to 
tlie screen, and in eoiisequenee the power output is trreater. 
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shaft of the motor 
gearbox to the 
rack raechamsm 
is by means of 
a steel sha f t 
coupled to the 
motor shaft by a 
rubber coupling. 
On the end of 
the steel shaft is 
a crank mounted 
in a hearing plate 
which is fixed in- 
side of the bottom 
screen rail. 

Squeegee Control 
This crank is 

coimected to the first clutch box and a further crank is taken from the 
first clutch box to the second clutch hox. The clutch box for the 
driver’s screen wiper incorporates a switch which switches on the 
motor. The screen wiper on the passenger’s side can then be optionally 
“in ” or out ” of action. When the driver pulls out the wiper knob 
and gives it a turn, the action puts the squeegee arm on to the screen, 
and engages the clutch with the racking drive and also switches on 
the motor. 

Laminated Rubber Squeegee 

The laminated rubber squeegee differs from others inasmuch as there 
are four separate thin strips of rubber instead of the usual thick strip. 
This makes for a smoother action and a cleaner sweep over the windscreen. 

More Powerful Motor 

The motor is more powerful, since it can be of a larger size, as the 
space it fits in is not restricted. 

Less Noise 

With the motor situated underneath the bonnet and near the engine, 
there is not that annoying buzzing sound that is common with other 
types mounted on the windscreen. 

Flexible Drive 

Another similar type of remote-motor wiper, and one more suitable 
where space is limited in the screen rail, differs mainly in the connecting 
link between the two wipers. Instead of having solid links, this type 



Fig. 13- — ^Remote screen-wiper motor 

Anothex type of remote motor with the gear-box cover removed 
to show the reduction gearmg. The speed of the main shaft is 
higher in this type and the final speed reduction is carried out by 
a. w-orm drive in the racking -box fitted in the bottom screen rail. 
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has a flexible drive, 
and the redTiction 
gear-box is mounted 
on the screen rail in- 
stead of being integral 
with the motor . Also 
the drive from the 
motor to the reduction 
gearbox is flexible. 

The Gearbox 

Inside the gearbox 
is the crank wheel and 



crank arm ‘which give 

the racking motion to 14 .—Bem:ote schebn-.wipeb motos 

the flexible link On Showing the commutator and brush gear ^ifch the main 
, fl *>.1 !> -A- terminals. The brush tension is by- means of a spring 

tne nexiDle snait are pullingthe two brush arms together. The spring is anchored 
two racks, each of "to an insxdating piece of hard fibre. The end 

which drives hv square holes through which fits the main 

1 V e b , u y terminals so that connections can be made without removing 
means of a pinion and the cover, 
through a clutch, one 

of the two squeegees. Here again, the passenger has independent control 
of his wiper. An interesting feature is the construction of the flexible 
shaft. The shaft is very much similar to Bowden cable as used for 
operating brakes, etc., hut to reduce wear and friction between the inner 
cable and the outer casing, steel halls are threaded on the inner cable. 


Service to Screen Wipers 

When a screen wiper is being tested on the car with a dry screen, an 
overload is imposed on the motor and more particularly on the 
mechanism. Although this will cause the motor to run hot in a very 
short time, the danger is the stripping of the gear wheels. The obvious 
protection is thoroughly to wet the windscreen before operating the 
wiper, and this should always be done unless the squeegee aim is removed. 


Faulty Switch 

A switch which will not operate may be due to a bent cover or to 
dirty contacts. If the contacts are diify, they can he cleaned vith very 
fine emery cloth. All connections should be examined for breaks and 
resoldered if necessary. 


Sluggish Motor 

If the speed of the motor is slower than usual, it is generally due to 
dried-up bearings, and these should be kept oiled. The gearbox, also, 
should be kept partly filled with high-melting-point grease. Do not 
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forget the moving 
parts of dual arm 
controls, as these 
are apt to he 
overloohed, as 
they are out of 
sight, A little. oil 
on these parts will 
lessen the load on 
the motor. 

Sticking Brushes 

Another cause 
for slow running 
is worn-ont or 
sticking brushes . 
These should he 
renewed if worn 
sufficiently to 
prevent them 
making a firm 
contact with the* 
commutator. 

Sticking brushes can he eased by cleaning them with ca cloth and a few 
drops of petrol. 

Dirty Commutator 

The commutator can be cleaned by holding very fine sandpaper on 
its surface whilst rotating the armature by hand. 

Burnt-out Motors 

Burnt "Ont motors can he due to neglect on the part of the driver to 
switch off the wiper after it has stopped raining. To allow the wiper to 
continue in operation will cause the screen to dry up, and the increased 
friction between the squeegee and the screen may stall the motor without 
the driver being aware of it, and the motor is left switched on, with the 
result that the windings are burnt out. 



Mg. 15 . — Remote scbeen-wiper motor oeajibox 
Tliis sliows the gearbox of the motor together with the amoimt 
of grease put in hy the makers. To diminish, the armature speed 
to the slow speed required, the reduction gearing is by means of 
both worm and pinion. The -worm on the motor shaft can be 
seen on the right of the large gear wheel. 


BUE.DING UP WORN PARTS BY 
OXY-ACETYLENE WELDING 

By C. G. BAINBEIDGE, A.MI.Mix'h.E. 


T he worn surfaces of most metal parts can be built ii]) with metal 
similar in composition to tie original, and capable of being re- 
macliiiied to the original size,* so that tie part will be e(j[iial to new. 
In many cases, the part may be built \ip with a metal which will provide 
a surface having qualities superior to tie original. 

On the other hand, parts may be surfaced, before being put into 
service, with a metal which will give superior wear -resisting properties 
to the wearing surfaces, as is done by the manufacturers of stellited 
valve-seat inserts, 

Any ferrous metal may be surfaced with a lower melting-point non- 
ferrous metal ; hard -facing metals may also be applied. It is not 
])ossible, hoAvever, to surface a metal with another metal having a higher 
melting-point. 

It is immediately obvious that no one surfacing metal can possibly 
satisfy all tie surfacing requirements ; many different types of surfacing 
metals are now available, and they may be classified as follows ; 

Type 1 — Surfacing Metals similar to Base Metal 

{a) Surfacing with a metal similar to that of which the worn parts 
consist (steel, cast iron, non-ferrous metals, etc.). Suitable- for gear 
teeth, splines, Avorn holes, etc. 

(i) yiirfacing steel with an iron-base liardenable metal similar in 
cumposition to base metal. Suitable for cams, push-rods, etc. 

As these welding rods are similar in composition to the base metal 
the melting-point is also similar, so that the ordinary fusion welding 
teclinique, i.e. intermixing of the deposit and base metal, is used. 

(c) Application to steel of special iron-base Avelding metal such as 
carbon chroniium-nianganese, or chrome-vanadium alloys. Suitable 
for parts subjected to excessive shock and moderate abrasion. As tie 
composition of the surfacing metal is different from that of the base 
metal a surface-fusion technique is used io order to avoid intermixing 
suitable for parts of sand and ballast handling plant, excavating machin- 
ery, etc. 

M.R.O. IV.— 10 
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Deposits are 
moderately hard ‘'as 
deposited,” cannot 
be machined, but can 
be shaped by grind- 
ing or forging and 
can (if necessary) be 
hardened. 

Type 2 — Non-fertous 
Surfacing Metals 

The surfacing of 
ferrous and non- 
ferrous parts with 
non-ferrous metals, 
e.g. bronze, in order 
l.-BuinLDmG UP woen teeth on stairteb corrosion, 

{FrotYhtJiQ Oxy-a(^etyhneWelding Repair Manualt^ Porteom Ltd., friction and 

London.) ’ 

ensure machinabil- 

ity. This is a non-f'usion process, i.e. the base metal is heated only to the 
melting-temperature of the surfacing metal. For further description see 
page 151. 

Type 3 — Hard-surfacing Metals 

Hard-surfacing by means of special composition ferrous and non- 
ferrous alloys, in order to resist conditions of severe abrasion, corrosion, 
heat-softening, and shock. A surface-fusion process. 

Depositing Techniques 

The technique of depositing surfacing metals is often somewhat 
different from the usual fusion jointing techniques. Metals similar in 
composition and melting-point to the base metal are, of course, fused 
on to or inter-alloyed with the base metal, using a neutral flame as in 
ordinary joint welding ; this is a fusion ” technique. 

When, however, the compositions and melting-points of the surfacing 
and base metals are different, it is usual to employ some form of ‘'non- 
fusion ” or “ surface fusion ” technique, in order to prevent inter-alloying 
of the metals. This avoids dilution of the surfacing metal with the base 
metal, which is likely to lower the value of, or eliminate entirely, some 
or all of the special characteristics intended to be provided hy the various 
elements involved in the surfacing metal. 

When steel is the base metal, iron- or cobalt-base alloys may be 
deposited without inter-alloying hut with a perfectly rehahle bond by 
creating a state of surface fusion of the base metal. The creation of this 
surface fusion relies on the fact that hot steel will absorb carbon, that a 
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high-carbon steel melts at a lo^^^er temperature than a lo^r -carbon steel, 
and that an oxy-acetjlene flame embodying an excess of acetylene 
contains free carbon. 

When an oxy-acetylene dame haTing an excess of acetylene is applied 
to steel, the surface is heated until it absorbs sufficient carbon to melt 
at a lover temperature than the melting-point of the metal immediately 
under the surface. This phenomenon produces vhat appears to be a wet 
or “sweating ’’ surface on the steel, and ‘‘ the sweating condition ” is 
the term generally used by welders to describe this state of surface 
fusion. 

The high-carbon skin has, of course, no measurable thickness and 
does not contribute in any way to the hardness of the deposit, as the 
infinitesimal proportion of carbon is diffused in the surfacing metal as 
soon as it is deposited. 

Surface metal deposited on to such a sweating surface has a perfectly 
strong reliable bond which will not split or flake off* in service. This 
should be obvious from the fact that this type of bond is used for the 
application of surfacing metal subjected to the most severe shock and 
abrasive conditions, such as the surfacing of worn railway crossings. 

Apart from the prevention of dilution of the surfacing metal, this 
technique has considerable value in that it avoids disturbance of the base 
metal ; this is a valuable point w^hen the base metal is in it self a steel 
of special composition and characteristics. 

Surface fusion or s^yeating can be employed only for iron- and cobalt- 
base depositing metals and when the base metal is steel ; cast iron will 
not sweat, neither will non-ferrous metals. When it is necessary to 
deposit an iron- or cobalt-base alloy (which melts at a temperature near 
that of cast iron) on to cast iron, the surface should be built up in two 
layers. The first layer must be more or less fused with the cast iron ; 
the surface so produced, although an alloy of deposit and base metals, 
will sweat under the conditions described above, ready for the reception 
of the second layer of surfacing metal. 

When non-ferrous metals, such as bronze, are deposited on to steel 
and cast iron, or a non-ferrous metal of higher melting-point, such as 
copper, it is not necessary or desirable to produce even this state of 
surface fusion, and the bronze is deposited at a base -metal surface 
temperature approximately equal to the melting -temperature of the 
bronze, i.e. with a non-fusion technique. 

GENERAL PRACTICAL NOTES ON THE PREPARATION OF SUR- 
FACES AND THE DEPOSITION OF SURFACING METALS 

Building up Gear Teeth, Splines, etc. 

When building up small narrow surfaces, such as gear teeth, splines, 
etc. , do not attempt to deposit too much metal in one run. It may be 
necessary to deposit several runs in order to build up to the desired 
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Fig. 2. — BtrrLDiN'G up worn portion op seaft 
Showing light and wrong sequence in depositing the “runs.” 

{From tJit “ Oxy-acetylene Welding Repair Manual, Forteous Ltd., London.) 

depth, but it is easier to control the molten metal in small runs than 
it is in a lieayy run which, moreover, usually leads to the deposition of 
more metal than is necessary. Care should be taken to see that each 
run of metal is thoroughly amalgamated with the previous run. 

Examine for Cracks 

Badly worn surfaces which have been subjected to severe impact 
when in service should be carefully inspected for cracks or flaws before 
resurfacing is attempted. If cracks are found to be present the surface 
must be removed by machining or grinding to a sufficient depth to ensure 
that the cracks are entirely removed. 

Large surfaces should be covered by laying down a series of beads, or 
runs of weld metal ; no attempt should he made to flow the weld metal 
over large areas, otherwise lack of bond between weld metal and base 
metal is sure to result. 

This applies especially to the fusion technique, and the depositing 
of bronze on to ferrous metals with the non-fusion technique. 

When it is necessary to huild up a point or edge, which has been 
entirely worn away, copper backing -plates may he used as a mould or 
support for the deposit metal. Carbon plates may be used in tlie 
way for bronze surfacing. 

In cases of excessive wear, it is usually not economical to build up 
the whole of the worn portion with high-grade surfacing metals ; a 
lower-grade wear and impact-resisting metal may be used for building 
to approximately the original shape, leaving just sufficient allowance 
for an overlay of hard surfacing metal. If the wear has been very great, 
it may be possible to weld an entirely new piece of metal on to the worn 
surface, surfacing metal being applied to the new metal surface or 
edge. 

Low-strength, joint-making welding rods are not suitable 
for building up underlays for hard-surfacing metals, as they do not 
usually provide sufficient support for the hard surface. 
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Building up Shafts 

In building up the worn portions of shafts, do not start at one place 
on the shaft and continue to deposit metal until the whole surface is 
cohered. Lay dowm beads of weld metal parallel to the axis of the shaft, 
that is, in line with the centre line. After laying downi the first ruin 
turn the shaft 1 80'^ and lay down the second head on the opposite side 
to the first run. After completing the second run turn the shaft 90% and 
lay down the third head betw'een the first and second, after that lay down 
the fourth between the first and second opposite to the third, and so 
on, always placing each run opposite the previous run. In this way the 
heat is applied to the shaft uniformly and there will be little or no tendency 
fox the shaft to distort. 

The built-up portion of a shaft should be reheated after the surfacing 
is completed and then allowed to cool down slowly and uniformly. 

Short, large-diameter articles such as rollers need not be quartered '' 
in this way. The deposit should stiU he applied in beads parallel to the 
axis. But the heads may be laid down one following the other around 
the circumference of the roller. 

Large shafts or, in fact, any large parts, should be preheated before 
commencing to lay do^^nl \Yeld metal. 

Large articles or surfaces may necessitate the employment of a second 
operator with a blowpipe keeping the job hot during depositing. 

As far as possible, always arrange for the average level of the depositing 
surface to be horizontal. Small parts can he preheated with the blowpipe, 
but larger parts will necessitate proper arrangements. 

Building up Metal on Castings 

Castings must always he preheated in order to reduce the risk of 
setting up local stresses during welding or when the weld metal cools, 
and to prevent distortion due to contraction of the weld metal. Pre- 
heating increases the speed of deposition and saves oxygen and acetylene. 

Oil or grease must he removed from the depositing surface, otherwise 
gasification may cause porosity of the deposit. 

Preheating may he carried out in proper muffles, or in temporary 
gas- or charcoal-fired loose firebrick furnaces such as tliose used for the 
preheating of castings for welding. The value of the latter type is that 
the part can be surfaced wdiile still in the furnace, whereas muffle-heated 
jobs have to he removed for surfacing. This does not matter for steel 
parts, but it is dangerous for cast iron due to the risk of local cooling 
causing cracking. 

Slow cooling is also just as essential as slow preheating. 

Use the “ Forward ” Method 

The “ forward ” or ‘‘leftward ” method of depositing will generally 
be found best, as the forward heat of the fiame preheats the surface on 
to which the metal is to he deposited. 
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The aagles of blowpipe and welding rod for both techniques should 
be similar to those used for ordinary fusion -joint welding. 

The Blowpipe 

Ordinary single -jet welding blowpipes are suitable for most re- 
surfacing wxrk, but for very large areas the welder would do well to 
consider the employment of blowpipes having two or three jets. 

How to avoid Flaking Off 

Great care should always be taken to make sure that the deposit 
metals are thoroughly fused with (or in the case of surface fusion or non- 
fusion techniques, united with) the edges of the surface to be built up. 
Neglect to ensure this may result in deposit metal chipping away or 
flaking off from the edges of the deposit. It is often better to make 
sure of edge fusion or unity with the base-metal surface by laying down a 
separate head of metal along the edges, instead of relying on the greater 
mass of deposit metal being worked out to the edges. Overhang of 
deposit metal should be generally avoided. 

Flux 

No flux is required for depositing steels, but the appropriate fluxes 
supplied for bronze and cast-iron welding should be used for these metals . 

Application of Hardenable Surfacing Metals 

The following notes amplify the brief notes already given regarding 
the various types of steel welding rods. 

The application of hardenable deposits is only recommended for 
parts having small edges subjected to excessive wear, such as the ends of 
punches, cams, small cutters, knives, and dies. 

With this type of rod the deposit, in the as welded condition, is 
soft enough for machining and shaping, the required hardness being 
obtained by reheating and quenching. 

The hardness depends somewhat on the carbon content and method 
of quench employed, but hardness in the region of 600 Brinell is easily 
obtainable ; in the case of steel deposits the hardness may be lowered 
by tempering. Cast iron provides an excellent hard surface when 
quenched, provided the area of the deposited surface is not too large. 
In the ‘'as deposited” condition, without rapid cooling, the deposit 
hardness usually varies between 200 and 350 Brinell. 

Surfacing with Bronze 

Surfacing with bronze avoids melting the base metal so that this pro- 
cess is, of course, excellent for building up worn or missing portions of 
malleable-iron castings. For the same reason, the necessity for pre- 
heating is often eliminated, so that bronze deposits can be made without 
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dismantling the part . 
Eronze surfaces have 
a low coefficient of 
friction, are easily 
machined and have 
excellent wear- and 
corrosion - resisting 
properties. 

When surfacing 
with bronze it is 
important to provide 
a thoroughly clean 
surface on to which 
the bronze is to be 
deposited. Oil or 
grease must he re~ 
moved. On shafts , 
the surface is quite 
well prepared by 



Fig. 3. — BriLDXNG LW WOBN CAilS WITH CA.ST XSON 

[From the “ Oxy-acofijlene Welding Re jpair Manual^ ” Forteous Ltd.^ 
London.) 


ordinary machining, but on flat surfaces the surface may be cleaned by 


filing, chipping, or sand-hlasting. If cast-iron surfaces are ground it 


has been found advisable to either sand-blast afterwards or to heat the 


surface with the oxy-acetylene fiame, before depositing, in order to 
remove the surface graphite. 

The surface must he tinned ” (with the bronze welding rod) in 
conjunction with a suitable fiux before building up to the full bronze 


thickness required. The tinning operation is most important on cast 
iron and care must he taken to make sure that molten bronze does not 


run on to untinned surfaces. On steel, tinning proceeds ahead of the 
depositing more or less automatically, but on cast iron the w^elder must 
make sure that he actually tins the surface ahead of the bronze deposit. 

General experience has shown that the best welding conditions are 
obtained when the oxy-acetylene flame is adjusted to a shghtly oxidising 
condition ; not only does this promote a better bond betw'een the bronze 
and the parent metal, but it prevents volatilisation of the zinc, and 
enables a better control of the molten metal to be obtained. Flux 


is applied before welding by mixing to a paste and painting on to the 
surface to be built up, and during wielding the heated end of the w'elding 
rod is occasionally dipped into the flux. Preheating temperature need 
not be more than black hot or very faint red, the bronze depositing 
temperature being approximately 850°-900'' C. 

If the deposit surface becomes too hot, or is not hot enough, difiieulty 
will be experienced in getting the bronze to “tin.” 

There is only one limitation to the use of bronze as a surfacing metal ; 
this is that bronze begins to yield as soon as a temperature of approxi- 
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desirable to make the 
coating as thin as 
possible, in fact a thin 
coating is subjected to 
less puddling, agitation, 
and orerlieating than a 
thick deposit. 

All hard-facing 
aEoys are intended 
to be applied ^vithout 
interalloying them with 
the base metal, i.e. with 
a surface -fusion tech- 
nique. 

The mixing of base 
metal with Stellite would 
lower its red hardness 
and abrasion resistance. 

The Preparation of Parts for Stelliting 

In the preparation of parts for Stellitmg, for example valye-seat 
inserts, sharp edges or corners must be avoided, as these are liable to 
scale or oxidise and preTent the Stellite from bonding with the surface 
of the edge or corner. An external radius is not required ; all that is 
necessary is to remore the sharp edge. Internal corners should also be 
well radiused. Surfaces to be Stellited should be arranged horizontally. 
Surfaces must also be clean and free from surface scale, oil, or grease, or 
any other foreign matter. A ground or machined surface is the best. 
Cast-iron flux should be used when depositing on to cast iron, and is 
sometimes found useful for steel. 

The excess acetylene flame should be two to three times as long as 
tlie normal neutral cone. The flame should be as soft as possible ; 
this can he obtained by reducing the gas pressure below the usual recom- 
mendations for the particular nozzle being used. Use the smallest -size 
nozzle which will give sufficient heat for the job. The depositing surface 
is brought to the sweating condition as already described. 

The Stelliting Process 

The welding rod is applied betAV'eeii tiie inner cone of the dame and 
the hot base metal. The majority of the heat from the tiame is directed 
upon the rod, Avhich melts and forms a puddle on the sweating steel 
surface. If the base metal is at the right temperature this puddle will 
spread uniformly, and an entire surface can be covered by manipulatiug 
the welding rod and blowpipe flame in this way. Vyhen depositing is 
tinished, withdraw the dame slowly- 


INNER cone: 



EXCE.AS ACETYL-ENE feather. 

OUTER, ENVELOPE FLAME. 
rSW EATING " SURFACE 


Figr. 6.- — STELxrarNO 

Applying flame to produce “sweating “ of the steel 
to be surfaced with Stellite. 



ST£.IHT!MG ROD 
Excess acetvlene feltker. 
Outer, envelope FLAfAE 

noolten Puddle op stellite 






stellite deposit 


Fig . 7. — Stexlitixg 

Depositing the Stellite, showing end of rod melting and 
forming a puddle on the sweating’* steel surface. 
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Tiie extent of tlie sweating area around the end of the blowpipe flame 
will, of course, vary according to the size of nozzle in use, but provided 
the base metal has been brought up to a high temperature to begin with, 
sweating proceeds more or less automatically as the surfacing continues. 

Preheating temperature should be about 800° P., that is, a very 
faint red when viewed without goggles in a darhened room. It is 
essential that the preheating temperature shall not be too high, otherwise 
the metal may scale, while if the preheat temperature is not high enough 
more blowpipe heat will be required in order to produce the sweating 
condition, thus increasing the cost of the process. Preheating also 
avoids sudden chilling of the deposit metal, which may cause cracking, 
the ductility of most hard-facing materials being very low. Jobs having 
a large surface to be hard faced should he preheated and surfaced in a 
temporary charcoal or gas furnace so that the heat can he maintained 
while the surfacing is proceeding. 

During depositing, hard-surfacing metals are liable to be detrimentally 
affected by too much heat, or excessive agitation, so that care should 
be taken to make sure that neither the base metal nor the welding rod 
is overheated. From the point of view of both economy and satisfactory 
surfacing, the deposit should he laid down as thinly as possible. 

After Stelliting 

Cool slowly in order to produce a deposit free from cracks and internal 
stresses. Small parts can be taken as soon as deposited and placed in a 
box containing powdered mica, lime, ashes, or other heat-insulating 
material, so that they will cool slowly. 

After depositing, the deposited metal may be reheated with the 
welding blowpipe, so as to flow the surfacing metal to a smooth finish, 
free from the irregularities which occur during the initial depositing. 

Hard-surfacing metals will not withstand shock unless supported by 
base metal, so that overhang must be avoided. If overhang occurs it 
must be ground off before the article is put into service. 

Hard-faced deposits can only be finished or smoothed hy grinding. 
Care should be taken to use a soft -grade vitrified wheel running at a 
speed of between 3,000 and 4,500 surface ft. per minute. 

Hard-surfaced parts, of course, must never be cooled by dipping 
in water. 

Building up Worn Cams 

If re-machining or cam -grinding equipment is available, cams may be 
built up with a hard -surfacing metal (Class 3) or cast-iron welding rods. 
This type of repair is not recommended if more than two (or at the most 
three) cams are worn badly, owing to the high cost of grinding, although 
other circumstances might necessitate this type of repair. Mount the 
shaft ill vee supports. Build up the cam to the required amount, and 
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while tke deposit is still at a cherrv-red heat, quench, by dipping the shaft 
vertically in water. Repeat for each cam. Fig. 3 shows a good method 
to prevent warping of the camshaft — a jet of water being projected on 
either side of the cam being treated. To enable a sharp edge to be obtained 
after grinding, allow the deposit to slightly overhang the sides of the cam. 

Gear-selector Forks and Crown Wheels 

To repair gearbox selector forks and crown wheels made of alumininin 
bronze, a special aluminium-bronze welding rod and an alnminium-bronze 
or cryolite flux must be used in conjunction with an excess acetylene flame. 
Clean the edges to be welded carefully, and preheat the part to almost 
welding temperature with the blowpipe before commencing the welding 
operation. Heat tlie end of the rod and dip it into the powder flux. 
When welding, move the rod vigorously in the w^eld pool to break up 
and remove the aluminium oxide which forms on the surface of the pool 
as a broAvn skin. This clings to the end of the rod, and should be occasion- 
ally removed by tapping the rod on the bench or by melting the end of 
the rod on to the beach or floor. Keep a large area well heated, and then 
add the filler metal quickly without getting very deep fusion. 



ELECTRIC SPEEDOMETERS 

Bj JOHN 1. P. PINKNEY, M.S.A.E.E. 

T OrAL mileage and trip records were at one time of far more im- 
portance than TOS an indication of the car’s speed, htit ever 
since restrictions vere imposed on speed in certain areas an 
accurate indication of the car’s speed is no^v demanded. This accuracy 
can be aohiered by electrical means and with more iexibility than with 
the mechanical speedometer with its flexible-shaft drive. 

Trip Records 

One of the main drawbacks to the electric speedometer is the inability, 
without undue expense, of incorporating recording mechanism. One 
way to overcome this drawback is the fitting of the mileage-counter 
mechanism in the dynamo casing. In this situation, the dynamo must 
be mounted in a position affording easy access to enable readings to he 
taken. The mechanism can also be electrically operated, in which case 
the indicator can be fitted on the dashboard. 

Principle of Speedometer 

The working principle of the electric speedometer is a permanent - 
magnet dynamo driven from any rotating part of the car, e.g. the gearbox. 


EVENLY DIVIDED SCALE 
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AC M0V:MG iRO>i V.ETER 
OR INDICATOR 



Fiff . 2. — Electbic speedometer with an A.C. dynamo controlling an A.C. meteb 

i^ote the imeven scale on the indicator. Both the dynamo and the indicator are simpler 
than the D.C. arrangement, and manufactuimg costs are lower. 


The indicating device is a voltmeter vMcIi is connected to the d;\niamo 
hy two vdres. 

If the armature ciixrent is kept small, as it \vill be if the voltmeter is 
of high resistance, the held will be constant in value, since there would 
he a negligible cross-held to upset the perinanent magnet. Under these 
circumstances, the volts generated by the dynamo will be in direct pro- 
portion to the dynamo's speed, so that if a moving-coil voltmeter, with 
the scale calibrated in miles per hour, is used, the scale reading will be 
ev^enly divided. Ent with this system there is one disadvantage, and this 
is that by using a direct -current dynamo, Avith its rotating winding and 
brushes, much attention is needed to ensure constant, accurate working. 


Alternating- current Dynamo 

One wajr to overcome this disadvantage is to employ an a It ema ting- 
current dynamo in conjunction wfth a moving-iron voltmeter. The 
dynamo in this instance wuuld consist of a rotating-inagnet held, with 
the armature winding stationary, and thus dispensing with rubbing 
contacts. Also, a direct -current dynamo costs more to manufacture than 
an alternating- current dynamo. 
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A, C. WAVE FORM 



“FULL WAVE RECTIFIED 
D.C. 


Fig. 3. — Tbce hbcognised superiority oe both tee A.C. dynamo and the movustg-coii 

INDICATOR, ‘WITH ITS EVEN SCALE, ARB SHOWN HERE CONNECTED TOaETHER ! 

OP A PHIL-WAVE DRY-PLATE RECTIFIER 


Here, again, there is one drawback to tbis system, and it is that a mow- 
ing-iron instrument has a scale which is not eTenly divided but is generally 
cramped at the beginning, with the Temainder of the readings widely 
spaced. This sort of scale is satisfactory inasmuch that the important 
thirty-miles-per-houx reading can be arranged in the centre of the dial, 
but low readings are more difficult to read with extreme accuracy as, with 
these cramped together, even the thickness of the pointer would introduce 
uncertain errors. One great advantage of the moYing-iron meter is its 
simplicity and low cost. 

Rectified A.C. 

There can he no denying that the alternating-current dynamo is the 
best to use, since it demands rery little attention and this is for oiling only, 
and there is also the advantage of 
the lower manufacturing costs. 

Also, the moving- coil type of 
indicator is the best if accuracy 
of reading is demanded over all 
of the scale. These two units can. 
he used together, that is, an 
alternating -current dynamo can 
he employed in conjunction with 
a direct -current moving-coil in- 
dicator hy incorporating a rectifier 
in the circuit. 

This has been made a simple 


Vt=s^ ASSEMBLY ROD 

INSULATED ^ 

WITH TIGHTENING NUT 

WASHER^ IX 

BRASS COOLING 


[i - ■ ■ ; ■ ■ . i 

OXIDE 

TREATED COPPER [ 
WASHER 

/ 

LEAD WASHERS 
-ijl FOR IMPROVING 

1 CONTACT SURFACE 

EBONITE 

SLEEVE 



Fig, 4. — Cdnstrtjction ot the elements 

OP METAL EECTIEIER 



ELECTRIC SPEEDOMETERS 


[voL. IV.] 159 


matter hj the introduction 
some 7 ears ago of the dry 
metal-plate rectifier, which 
converts alternating eurrent 
to direct current. This type 
of rectifier is used for battery 
charging and is described on 
p. 40. 

The Drive 

The dynamo can he de- 
signed for belt drive off the 
transmission shaft hy fitting 
a split pulley on the shaft. 

This design is useful on those 
vehicles not provided with 
a speedometer drive on the 
gearbox, as the fitting up of the dynamc and the split pulley can he carried 
out with hut httle trouble. 

When a speedometer drive is provided in the gearbox, special adaptor 
plates are supplied to enable the dynamo to he fixed in position. 

When the drive is helow oil level, the dynamo is fitted vith suitable 
oil seals to prevent the oil penetrating through to the inside of the 
dynamo and its windings. 

Flexible Drive 

On some existing drives, no room is available to fit the dynamo in 
position, and in such cases the dynamo is fitted on a platform which is 
secured on to the side of the gearbox. The drive is then hy means of a 
short length of rubber tuhing, which tabes care of any maladjustment 
between the dynamo and the existing drive. Also, with this mode of 
fixing, there is no trouble with oil leakage, and therefore there is no neces- 
sity for fitting oil seals in the dynamo bearings. 

Voltage Calibration 

Means must he provided to enable the indicator to register the correct 
speed of the vehicle and to allow of the units being interchangeable with 
each other. This calibrating is essential, since the speed at which the 
dynamo will he driven for a corresponding road speed of, say, thirty miles 
per hour will differ for different makes and types of vehicles. The r.p.ni. 
for a speed of thirty miles per hour will be in the region of 1,300 to 2,000. 

Adjusting Strength of Magnet 

One method of adjusting the voltage output of the dynamo is to em- 
ploy magnets of various thicknesses to suit a certain range of speed. The 
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final calibration is then 
taken care of by short- 
circniting part of the mag- 
netic Tux by means of steel 
adjusting screws, which can 
be adjusted to vary the air 
gap between, the outer 
casing and a steel pin which 
passes through the field 
laminations. 

Weakened Field 

This shunting of part of 
the magnetic flux will lessen 
the number of lines of force 
Fig. ( 3 . — A.G. oENrEHATOR coupied to existing cutting through the turns 

SPEEDOMETEE IN GEARBOX Windillg, 

and the voltage generated across this winding will he diminished. 



Variable-resistance Calibration 

Another method of calibration is hy adjusting the amount of resistance 
wire placed in series with the indicator, so that a portion of the current, 
which would otherwise help to increase the reading on the indicator, is 
dissipated in heat. The use of Eureka resistance wire also assists in 
correcting temperature errors which are likely to arise with the varying 
temperatures of the dynamo winding. 




THE VAUXHALL ELECTRICAL SYSTEM 


10.H.P. CARS 

The wiring diagram for Vauzhall lO-Four cars is given 
outrage 88. 

To Remove Dynamo 

T O remoTe the dyaamo, disconnect all leads ; slacken off as for 
adjustment of belt, but in this case remove the fan belt. Remove 
the bolt from the Imk and the rear bolt underneath the djmamo, 
also the nut and vasher from the front mounting stud, ^vhen the dynamo 
can be moved forward to clear the stud. 

To Dismantle Dynamo 

Remove the dynamo brushes. Remove the armature -shaft nut and 
washer and di'aiv off the pulley, utilising a drag, such as Britool Brag No. 
834a. Remove the woodruff key. Remove the nuts from the through 
bolts which pass through both endplates. Remove the commutator 
endplate. 

Carefully withdraw the diuving-end bracket assembly together with 
the armature. After removing the drmiig-end bracket, the armature 
can be carefully pressed out. To remove the ball bearing from the drive 
endplate, take out the three screws, so releasing the beariiig-retaiiiing 
plate. 

The tension of the brush springs can be tested with a smtull spring 
scale and should be within the limits of 15-25 ounces. 

Assembly of the dynamo is merely a reversal of the order of operations 
for removal. 

When assembling tlie jnilley end[)late, do so in the following order : 
felt retainer, felt, spring, hearing, hearing -retainer plate. Then insert 
the three screws. Place the cupi^ed washer on the shaft with the dished 
side inwuiids, and press the end coyer on to the shaft. Dowels locate 
both end covers, so that no mistake is possible. Thoroughly tighten the 
through bolts. Tit the shaft and pulley key hefore pressing on the 
pulley. 

CONTROL BOX 

The control bov, which is attached to the left-hand side of the dash- 
board underneath the bonnet, houses a voltage regulator, cut-out, and 
fuses. 


M.E.O. IV — 11 
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5 6 y li any electrioal 

accessories are fitted 
they must be con- 
nected to one of the 
terminals in the con- 
trol box marked A4 
or A2. Connection 
to any other point 
■will damage the 
dynamo controller. 
It is preferable to 
use terminals marked 
A4, but in the case 

4 3 2 I of some equipment 

Fig . 1. — Voltage eegtjla-tor. (s'nch as a car radio 

Frame cut away to show raountinig of fixed contact plate, set) this would prove 
1. Regulator armature. 2. Fixed contact plate. 3. In- inconvenient, as it 
sulatmg hushes. 4. Packing plate. 5. Insulating plates, y^ould be possible to 
6. Screws securing fixed contact plate. 7. Regulator adjust- , , A 

raent screw. Operate tne access- 

ories only whilst the 

ignition was switched on. In such cases the terminal marked A2 should 
be used. 

Voltage Regulator 

The voltage regulator operates in conjunction with the dynamo, auto- 
matically varying the output according to the load on the battery and its 
state of charge. The regulator also incorporates a temperature compensa- 
tion which adjusts the setting to suit climatic conditions and which also 
causes the dynamo to give a controlled boosting charge at the beginning 
of a run. The regulator is combined structurally with the cut-out. 

Regulator Adjustment 

The regulator is carefully set before leaving the factory to suit the 
normal requirements, and in general it should not be necessary to make 
any alterations to this setting. If, however, the battery fails to keep 
in a charged condition, or if the dynamo output does not fall when the 
battery is fully charged, it may be advisable to check the setting and if 
necessary readjust. 

It is important before altering the regulator setting, when the battery 
is hi a low state of eliarge, to ensure that its condition is not due to a 
battery defect or to dynamo-belt slip). 

For adjustment, proceed as follows : 

Withdraw the cables from the terminals marked A and Al in the cut- 
out and regulator unit, and join them together. Connect the negative 
lead of a voltmeter — which should be a high-grade moving-coil instrument 
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reading 0-20 volts, irifcli an open scale so that fractions of a volt can be 
read— to the D terininal on the dynamo, and connect the other lead from 
the meter to eaxtli. 

The regulator incorporates a thermostatic compensation which adjusts 
the setting of the regulator according to varying temperatures, and this 
must be taken into consideration when carrying out adjustments. 

Adjustment must he made with the regulator cold, i.e. immediately on 
starting the engine, and the atmospheric temperature must he noted h3^ 
means of a thermometer. Shghtly increase the speed of the engine until 
the voltmeter needle flicks and then steadies. This should occur at a 
reading between the hmits given below for the particular temperature of 
the regulator. 



Atmospheric Temperature 

Regulator Setting 

10® c. 

50° F 

8- 3-8*6 volts 

20® C. 

68° F 

. 8*2— 8*5 volts 

30® C. 

86° F 

8* 1-8*4 volts 

40® C. 

104° F 

. 8* 0-8*3 volts 


If the voltage at which the needle reading becomes steady occurs 
outside the limits, the regulator must be adjusted. 

Switch off the engine, release the locknut securing the adjusting screw 
(Tig. 1) and turn the screw in a clockwise direction to raise the setting, or 
in an anti-clockwise direction to lower the setting. Turn the adjustment 
screw a fraction of a turn and then tighten the locknut. 

When adjusting, do not run the engine up to more than half-throttle, 
as while the dynamo is on open circuit it will build up to a high voltage 
if run at high speeds, which will result in a false voltmeter reading. 

Cleaning Contacts 

To obtain access to the regulator contacts for cleaning puiposes, 
slacken the screws securing the plate caTryiiig the fixed contact, Fig. 1. 
It will be necessary to slacken the upper screw slightly more than the 
lower, so that the contact plate may be swung outwards. Clean the 
contacts by means of hue carborundum stone or glasspaper, being sure to 
carefully clean away all traces of dirt or foreign matter. Finally, tighten 
the securing screws. 

Replacement of Contacts 

If the contacts are hadly worn they must be renewed. Remove the 
armature by withdrawing the two screws which secure it to the regulator 
frame. Fit a new armature in position but do not tighten its securing 
screws. Insert a *01 8-in. feeler strip between the regulator frame and 
the hack of the armature. Press the armature firmly against the feeler, 
so that the back of the armature is parallel with the frame. Tigliteu the 
securing screws. 



164 [VOL. IV.] ELECTRICAL AND ACCESSORY EQUIPMENT 

To fi-t a ne-w plate carrying ixed contact, slacken off the fixing screws 
as described under “ Cleaning Contacts,” so that the old plate can be 
s'^^ning outward. The upper screw is now free and can he screwed into the 
corresponding tapped hole in the new plate. Slacken off the lower screw 
until the old contact plate can be withdrawn. Move the new plate into 
its vertical position and secure by tightening both screws (this procedure 
avoids displacement of the insulation and distance-piece beneath the 
plate). 

The space between the armature and frame should be checked by 
inserting the feeler strip between the armature and the frame immediately 
behind the contacts. This gap should be within the following limits : 
•016-020 in. 

If necessary, adjust the position of the fixed contact by means of thin 
shims *005 in. thick, which must be fitted between the fixed contact plate 
and the backplate. When the armature is pressed right down, the gap 
between the contacts should he from *006 in. to -017 in. 

Einally, adjust the setting of the regulator as previously descrihed. 

To Test Cut-out 

If the dynamo is not charging, before assuming that the cut-out is at 
fault, check for possible causes of the trouble being due to the dynamo or 
its connections. 

Short-circuit the cut-out unit by connecting the terminals marked A 
and I) on the unit. If dynamo output is shown, it can be assumed that 
either the shunt or the series winding is open circuited or that the contacts 
need attention. In order to clean the contacts, remove the cut-out cover, 
place a strip of fine glasspaper between the points, close them by hand 
and draw the paper through. Repeat this two or three times with the 
rough side towards each contact. 

To Adjust Cut-out 

When it is found that the cutting-in speed of the dynamo is too high, 
connect a suitable voltmeter between the terminals marked D and E on 
the cut-out unit. Slowly accelerate the engine, and when the voltmeter 
reads approximately 6-1 to 6-5 volts the cut-out contacts should dose. 

If the points operate outside these limits, the gap must be reset. This 
adjustment is made by slackening the locknut and turning the adjusting 
screw a fraction of a turn, in a clockwise direction to raise the voltage and 
in an anti-clockwise direction to lower the voltage. Tighten the locknut 
after making the adjustment. 


FUSES 

It will be observed that there are two separate electrical circuits, each 
protected by its own 25-ampere fuse placed on the baseplate. A spare 
fuse is also provided. 
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Fig, 2. — Starter eri\"E 

1. Remeshing spring. 2. Driving barrel. 3. Locating nut. 4. Thrust 'washer. 
5. Restraining spring. 6. Inner sleeve. 7. Outer sleeve. 8. Transmission plate. 
9. Relief spring. 10. Rubber coupling. 11. Friction washer. 12. Pressure and coupling 
plate. 13. Control unit. 14. Screwed sleeve. 15. Pinion. 

STARTER MOTOR 

Tlie starter is a relatively Mgli -speed niotor, witli a drive which con- 
sists essentially of a pinion tvkicli engages with a toothed ring on the fly- 
wheel of the engine. 

The type of drive fitted to this starter enihodies a combination of a 
rubber torsion member and a friction clutch, in order to control the torque 
transmitted from the starter to the flywheel, and to dissipate the energy 
in the rotating armature of the starter at the moment when the pinion 
engages the flywheel. It also embodies an overload release mechanism 
which functions in the event of a very heavy bachfire, or if the starter is 
inadvertently meshed into a flywheel rotating in the reverse direction. 

The drive from the starter shaft is transmitted in the first instance 
through a key into the transmission plate, which is engaged in slots in the 
outer niemher of the rubber coupbiig. Eetweeii this outer member and 
the central tube is mounted a rubber torsion bnsli, 'which is so assembled 
as to press tightly against the inner surface of the outer member and the 
outer diameter of the central tube. At tbe end of the central sleeve are 
two projections which engage with slots in the couphng plate. This 
plate has, in addition, a further pair of slots into which locate correspond- 
ing projections on the screwed sleeve. On the screwed sleeve is mo’uiited 
the control nut, to which is coupled the barrel carrying the pinion. 
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When the starter switch is operated, the rotation of the armature and 
the pressure of the remeshing spring causes the control nut to engage with 
the thread on the scre%Yed sleeve. The control nut and barrel carrying 
the pinion move along the screwed sleeve until the pinion meshes with the 
fiy^^'heel teeth. Should the teeth of the pinion meet the flywheel teeth 
end to end, the relief spring absorbs the shoch and enables the pinion to 
edge its way into mesh. 

When the pinion is fully in mesh with the flywheel, the drive from the 
shaft to the pinion is taken by two paths — one via the transmission plate 
to the outer member of the rubber coupling and through the friction 
washer to the screwed sleeve, while the other is via the transmission plate 
from the outer to the inner sleeve through the rubber bush and then 
directly to the screwed sleeve. 

An important feature of this type of drive is that it provides an effec- 
tive safeguard against such an overload as may be caused by a backldring 
or backrunning engine. Under normal loading the drive is taken through 
the rubber coupling without any slip occurring. Under conditions of 
overload, a considerable proportion of the load is absorbed by the rubber, 
which becomes torsionally deflected. In an extreme case of overload it 
is possible for sbp to occur momentarily between the rubber and the sleeve 
on which it is mounted, thereby rebeving the drive from the effect of the 
overload. 

To Remove Starter Motor 

Disconnect the swhtch lead. Withdraw the holts securing the starter 
to the flyw^heel housing and the starter rear support to the crankcase, 
when the assembly can he lifted away. 

If the starter is dismantled, inspect the friction washer and renew if 
necessary. Check also the rubber coupling for wear. See that the con- 
trol nut is free on the screwed sleeve. If the pinion restraining or remesh- 
ing springs appear to he weak or are broken, these should he renewed. 
Check the flt of the drive shaft in the commutator endplate hearing and 
the drive housing hearing, and renew as necessary. When reassembling 
ensure that the parts are fitted in the order shown in Tig. 2. 

SPARKING PLUGS 

On the 10-h.p. engine A.C.^ — -N.Q.Y., side electrode plugs are used, gap, 
•037 in. to *040 in. 

When setting the gap, the side electrode only should be bent. 

Two types of plugs have been used on the 25di.p. engine : A.C.-K.9, 
side electrode with -027 in. to -030 in. gap, and A.O.-K.ll, end electrode 
witli gap -038 in. to -040 in. ; at engine No. G.2592 the K.ll was made 
standard. Unless it is necessary to renew the whole set, in which case 
the K.ll should be fitted, make renewals with the type corresponding to 
that already in use on the engine. 
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To Remove Distributor 

Remove the distributor cover l)y springing 
aside the two retaining clips. Disconnect the 
low-tension lead from the baseplate terminal 
post which protrudes through the hod}-". 

Rotate the engine and watch the opening in 
the right-hand side of the clutch housing until 
a bright steel ball embedded in the fl}"V’heel is 
seen to he opposite to the pointer -with the rotor 
pointing to the position corresponding to the 
No. 1 cylinder electrode. 

The relative position of the electrode in 
the cover corresponding to No. 1 cylinder should he noted. 

Remove the two nuts securing the distributor to the crankcase boss, 
and slacken the clamp holt holding the vacuum control arm to the 
distributor body. 

Withdraw the distributor assembly from the crankcase. 


Fiij. 3. — BisTEiBrrOR ro’TOE 

CORRECT POSITIOSiT 


To Replace and Retime Distributor 

If the engine has been rotated since the distributor was removed, it 
must be turned so that the steel had is opposite to the pohitex with No. 1 
piston at the end of the compression stroke, which can be ascertained by 
observing when both the inlet and exhaust valves are closed. 

Turn the distributor rotor to the position which corresponds to the 
No, 1 cylinder electrode in the cover. 

Note the position of the slot in the end of the distributor shaft, and 
line up the dog at the top of the pump spindle to correspond. This can 
be turned by using a long screwdriver inserted down the boss in the crank- 
case ; when positioning, allowance must he made for the angular move- 
ment of the distributor shaft whilst the helical gear is meshing with the 
gear on the camshaft. 

Slide the distributor into the boss holding the rotor in the correct 
position . Connect tbe low-tension lead. Set tbe micrometer adjustment 
of the vacuum control to Zero.” 

Rotate the distributor body until the points Just commence to open, 
and tighten the clamp. Replace the distributor cover. Finally, check 
the timing, using Matrascope timing lamp Britool No. 909/909A. Remove 
the sparking-plug lead and the small brass adaptor from No. 1 sparking 
plug. Fit tbe special adaptor supplied with the lamp and replace the plug 
lead, then clip on one of the timing-lamp leads, earthhig the other. 
Start the engine and adjust the throttle stop-screw on the carburettor 
until the engine is running slowly. 

Eix the timing-lamp reflecting “ mirror ” close to the inspection hole 
in the flywheel housing, and when the neon tube flashes, the steel ball 
should be visible on the chromium “ mirror.” 



168 [VOL. rv.] ELECTRICAL AND ACCESSORY EQUIPMENT 

If the timing is correct, the reflection of the light from the steel ba,ll 
■will occur exactly under the pointer, appearing as though the ball -were 
stationary. 

Any error in the setting will he shown hy the hall appearing to rest 
at one side or the other of the pointer, and this can easily be rectified by 
loosening the distributor clamp and slowly turning the body one way or 
the other. Rotate the body in a clockwise direction if the ball has passed 
the pointer at the time of the flash. 

After the retiming operation is satisfactorily completed, adjust the 
carhurettor throttle stop-screw to prevent the possibility of the engine 
stalling under driving conditions. The micrometer adjustment of the 
distributor must not he used in the initial setting of the ignition timing. 
It is provided solely for the purpose of altering the basic setting to meet 
the requirements of the grade of petrol used, and any such adjustment 
should be made on the road. 

Cases are sometimes found, however, where '' tracking ’’ of the mould- 
ing has occurred. Tracking is a form of burning which takes place be- 
tween the distributor rotating electrode and the moulding electrode 
and takes the form of a thin black line in the moulding. 

A replacement moulding must be fltted in the place of the one that is 
tracked. 

Tracking can usually be traced to large sparking-plug gaps, excessive 
wear on the distributor rotor, or incorrect ignition timing. 

If the distributor cover and rotor have been dismantled for inspection, 
after replacing the rotor, check the timing by removing the distributor 
moulding and substituting a moulding which has been cut away so as to 
show the position of the rotor to the electrodes. 

The correct position for the rotor when the contact breaker just com- 
mences to open is shown in Fig. 3. 

The contact-breaker gap should he •010/-012 in. 

The distributor shaft should be a free sliding fit without perceptible 
play. The maximum permissible end float on the shaft is -003 in., and 
if in excess, check for wear on the gear, the bracket, the fibre washer 
under the advance mechanism base plate, and also the gear thrust washer. 
The end float is very important, as it affects the quietness of the distri- 
butor and also the life of the rotor and cover electrodes. 

Renew any parts which may seem to be worn, and if this does not re- 
duce sufficiently the end float, check for wear on the top and bottom faces 
of the body. 

A simple remedy if wear has taken place on these faces is to insert shims 
of requisite thickness between the bracket and the bottom face of the body. 

Wiring Connectors 

To facilitate removal of various sections of the wiring harness, detach- 
able connectors of plug-and-socket type, consistmg of brass sleeves sur- 



THE VAUXHALL ELECTRICAL SYSTEM [tol. it.] 169 



Fig. 4. — Lamp-alig2;me]s1 dia.gea.m (10 e.t.) 


rounded Ly rubber, are used. As it is rather difficult to insert the plugs 
on the end of the cables into the connectors, a special tool has been 
developed for this operation, namely, Britool Eas^- Connector Pliers 
]^^o. 924, the use of which prevents any damage to the wires themselves. 

To Align and Focus the Headlamps 

On the Tvall or a board scribe a horizontal line 36| in. from the ground, 
and then t^vo vertical lines 26 in. apart (Fig. 4). The car must be placed 
facing this marking at a minimum distance of 25 ft. (7-5 in.), with the 
headlamps straight in line with the vertical markings. To make an exact 
test the locality should be in absolute darkness, and when the headlamps 
are switched on the brightest beams of light should appear on the wall as 
two elliptical areas with the points where the lines cross as the centres. 
Equality of inteiiseiiess of the beams should be checked by covering up the 
headlamps in turn and comparing the effect. 

Line up the headlamps so that they are in the same plane. ’ Switch 
on the lights and adjust each headlamp so tiiat tlie centre of its beam 
coincides with the point where the hohzoiital line crosses the correspond- 
ing vertical line. 

To make adjustments, release the spring clip at the bottom of the rim 
and remove tlie front of the lamp. The headlamp bulb can be fitted in 
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Fig . 5. — Geneeal view oeneaeside oemotob, showintg position oedykamo and staetee 

ON 193S Vaiinhali 14 
{By courtesy of Shaw <& Kilburn) 


tliiee different positions for focusing purposes, and the bulb should be 
inserted in the position which, giwes the most suita^ble result. 

Mate certa^in th&t the hulhs are in good condition. Correct illumina- 
tion cannot he obtained with a blackened bulb. A dirty reflector will 
reduce the amount of light giwen by the lamps, and should be cleaned by 
wiping with a very soft cloth or chamois leather. Bo not use metal 
polishes. 

LIGHT SIX, 12-H.P. AND 14-H.P. CARS (MODELS D) 

To Adjust Dynamo Output 

The output of the dynamo is controlled by the relative position of the 
control brush to that of the main brushes. To alter the output, slacken 
the hexagon-headed screw and apply a light pressure on the brnsla holder, 
tending to rotate it. This applies to models before Chassis ISTos. BX. 
655401 and BY. 514001. 

Commencing with these chassis numbers, the control brush holder is 
held hy friction only, so that a bght push is sufficient to make the neces- 
sary adjustments. 



THE YAUXHALL ELECTRICAL SYSTEM [vol. it.] 171 


Jfig. 6. — {right) Remoying 
EXHA.HST FLAN&E AXD EE- 
lEASING EXHAUST PIPE TO 
EACILirATB REMOYAE OF 
STAETEE 

¥ote. — Grraphit© the 
threads of bolts to preuent 
rusting up. {By courtesy of 
Shaw & Kilbum) 

Moving the control 
hrusli round in the same 
direction as the arma- 
ture rev"olves v^-^hen the 
engiae is running in- 
creases the output, and 
moving it in the oppo- 
site direction reduces it. 
The adjustment is a 
sensitive one and , there- 
fore, a very small move- 
ment is sufficient to 
affect the output con- 
siderably. 

The correct setting 
when the dynamo is 
warm, and vith the 
lighting switch in the 
winter or “high ’’ posi- 
tion, is between 6 to 8 
amperes at 25m.p.h. in 
top gear. 

Distributor 

Reference to Tig. 10 
shows the relationship 
of the distributor to the 
camshaft and oil pump, 
and it will be noted that 
tapered grub-screws are 
employed for securing 
both the pump and dis^ 
tributor to the crankcase . 


Fig, 1. {right ), — HiciviovAii OF 

STARTER AFTER HEMOTING 
STARTER SWITCH AND CABLE 

[By courtesy of Shaw So Ktl- 
hum) 
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To replace and retime Distributor 

Remove the Bahelite cap from the distributor to be refitted and tuim 
the rotor tav''ards JNTo. 1 high-tension lead, remembering that the lo^r- 
tension terminal must face toward the right-hand side of the chassis. 

Hold the rotor in the determined position in relation to the distiihntor 
body and note the position of the slot formed below the driYing gear. 

This slot must line up vdth the dogs formed at the top of the oil-pump 
spindle, since the latter is driven in tandem from the distributor gear. 

By looking down the bore of the boss on the side of the crankcase into 
which the distiihntor is to be fitted the top of the oil-pnmp spindle can be 
viewed, and with the aid of a long, thin screwdriver the dogs can be turned 
to line up with the slot on the distributor gear. Allowance must he made 
for the angular movement imparted to the distributor spindle by meshing 
up the helical gear with that of the camshaft. 

Slide the distributor into the bore of the crankcase, as fiir as possible, 
holding the rotor opposite Ho. 1 high-tension lead, and if the oil-pninp 
dogs have engaged correctly with the slots of the distrihiitor gear, the 
tapered groove in the bronze thrust ring, immediately above the gear, 
will be in line with the grub-screw hole in the crankcase. 

This can he checked hy using a small miri’or held at an angle to look 
up the grub-screw hole, when the tapered groove should be clearly visible. 

In the event of the groove being out of line, it indicates that the oil- 
pump drive has not been correctly engaged, and the distributor must be 
withdrawn so that the pump spindle can be moved slightly to allow 
correct engagement. 

When this is achieved, insert the grub-screw, taking care not to use 
force, and lock in position with the nut provided. Connect the low-ten- 
sion lead to the terminal on the side of the distributor. 

Set the micrometer adjustment so that the line on the connecting rod 
is opposite the zero mark on the scale and move the distributor body as 
required until the points are just hreaking, then tighten the clamp bolt. 
Replace the distributor cap. 

A neon tube should be employed for finally checking the timing as 
described in connection with the 10-Foui. 

Distributor Cover and Rotor 

Cases are sometimes found where hnriiiiig early in the life of a vehicle 
takes place on the leading side of the cover contacts, and this indicates 
lack of adjustment. Burning after be<avy mileages is, of course, a matter 
of normal wear and merely calls for renewal of the cover. 

The simplest and most accurate method of discovering the cause in 
the former case is to make use of an old cover, the top of which iurs been 
cut away with a hacksaw so as to leave the cover electrodes in position 
but to expose the interior of the distributor. 

It is then an easy matter to check the difference in the gaps between 
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the rotor point and the cover 
electrodes measured in a vertical 
direction and in a horizontal 
direction. The horizontal gap is 
much smaller than the vertical 
gap, in order to ensure that the 
spark jumps from the rotor to 
the end of the cover contact and 
not to the portion nearest the 
moulding. 

If the reverse is found to be 
the case, check the distributor 
shaft for end float, bearing in 
mind, of course, that the rotor is 
pushed home on its spindle. 

In this connection an im- 
portant point to watch is the 
setting of the contact-breaker 
points. It ■will be appreciated 
that if the points are set too 
wide the spark will occur in an 
advanced position, and if this is 
the case the horizontal gap at 
that time may be greater than 
the vertical gap , -which will result 
in burning of the moulding. 
The overlap between the rotor 
point and the cover contacts 
should be at least in. when 
the spark occurs (or when the 
points begin to open). 

Examine therotor j)oint, audit 
it is found to be burned away on the 
leading edge it must be changed. 



Fig. 10- — DlSrMBUTOE ATTACH:3I3^^^T to crank- 
case 

1. Oil-pump spindle. 2. Camshaft gear. 
3. Distributor gear. 4. Oil-piinip driving 
dogs. 5. Oil-pump location g:iub -screw, 
b. Distributor- spindle location grub -screw. 
7. Advance and retard collar clamp bolt. 


Side play in the rotor aim may cause burning of the cover contacts, 
and it is therefore advisable to make sure also that this is a good fit on the 
spindle . 

Another point of importance in connection with the cover is tiie con- 
dition of its central brush and spring ; if the brash is excessively worn or 
its spring is weak or broken, it must he renewed. 


Distributor Shaft 

The end float of the shaft should not be in excess of -OLO in. The 
remedy is as described lor the 10-li.p. shaft. 
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25-H.P. MODEL G 

Tiie output of the dynamo is controlled "by the third brush, in the same 
way as described in connection with the ‘‘ Light Six ’ ’ model. Remowal 
of dynamo, and disoiantlmg, and assembh’ are similar to the 10-h.p. car. 

Pedomatic Starting Equipment 

Eul depression of the clutch pedal operates an intermediate switch or 
pedomatic unit, wTicli in turn actuates the solenoid switch on the starter 
motor. The pedomatic switch incorporates a small clutch plate which is 
maintained in contact with a plunger by a small spring. The plunger is 
comiected to a diaphragm which is under vacuum control from the inlet 
manifold. 

On depressing the clutch pedal, the pedomatic -switch clutch plate is 
rotated and contact is made, enabling current to flow' and operate the 
starter solenoid switch. As soon as the engine fires, however, induction 
vacuum withdiaw^s the diaphragm, and with it the plunger, thus hreaMng 
the contact and disengaging the switch mechanism during the time the 
engine is rmming. 

To remove the pedomatic unit, disconnect the battery lead, and then 
the two electric cables from the switch. Unscrew' the pipe union from the 
diaphragm unit. Release the w^ire from the operating arm. Remove 
the bolts attaching the switch unit to the support held to the hrahe 
master cylinder. 

After releasing the suction unit from the body of the switch , by remov- 
ing the hxing nuts and washers, inspect the contacts and if necessary 
clean with fine emery cloth, taldng care not to distort them. 

Examine the switch setting. With the rotor in the ofi* position, the 
moving contact must rest lightly on the moulded rotor heel. In this 
position, the gap betw'een the contacts must not be less than *030 in. 
Push the rotor into engagement and turn it to close the switch contacts. 
The angle through which the rotor moves before closing the switch con- 
tacts should he 5° to 10°. If necessary, bend the switch contacts in order 
to obtain the above setting. 

Lubricate the switch niechanisin by lightly smearing the heel and 
other moving parts with thin machine-oil. Reverse the operations given 
for removal. Whenever clutch-pedal adjustment is carried out, it is 
necessary to check or readjust the switch-control wire. This is attached 
to the lower end of the pedal, and it should be free from slack wiien the 
2 )edal is depressed 4| in. 

The Cut-out Adjustment 

Testing for faulty cut-out is the same as already described for tlie 
10-h.p. When it is found that the cutting-in speed of the dynamo is too 
high, connect a suitable voltmeter between the terminals marked I) and E 
on the cut-out unit. Slowly accelerate the engine, and when t he voltmeter 
reads approximately 14 volts the cut-out contacts should close. 

M.R.D. IV. — 12 
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If the points operate outside these limits, the gap must he reset. This 
adjustment is made hy bending the stop plate, and to lower the operating 
voltage the air gap must be reduced and vice versa. As the adjustment 
is very sensitive, great care must be tahen to alter the setting by only a 
small amount. 

Fuses 

It wiR be seen that there are five circuits, each protected by a fuse. 
The horizontahy placed fuses are all 25 amperes, and grouped together 
below these fuse holders wiU be found spare 25'ampere fuses. 

The dynamo circuit is protected by the 6 -ampere fuse placed vertically 
on the baseplate. Spare fuses for this circuit are clipped to the inside 
of the bakelite cover. 

Distributor 

To replace and retime distributor, foUow instructions already given 
for the Light Six.” 

The distributor shaft end float should not exceed *010 in., and the same 
remarks apply as in the case of the 10-h.p. model. 

To Align and Focus the Headlamps 

Referring to Fig. 4, which applies to lamp alignment of the lO-h.p., 
the measurements for the 25-h.p. model are : horizontal line 39 in. from 
the ground, and vertical lines 31 J in. apart. The car must be placed 
facing this marking at a minimum distance 25 ft. 

To make adjustments, release the spring clip at the bottom of the rim 
and remove the front of the lamp. Draw out the reflector and slacken the 
clamp at the back of the bulb holder. This enables the bulb holder to be 
moved forwards or backwards until the best possible beam is obtained. 

The electrical equipment on 12-Four Vauxhall Oars is similar to that 
on the 10-h.p. model described. The notes on the Light-Six,” 12-h.p. 
and 14-h.p. refer to model “ D.” 

The electrical equipment on the 14-h.p. “ J” model are dealt with, in 
a later article. 



DELCO-REMY DYNAMOS AND 
CONTROL UNITS 


D ELCO-REMY dynamos and the associated control equipment, such 
as cut-outs and regulators, are met with, on cars of American origin. 

THIRD-BRUSH DYNAMOS 

We shall deal first with, the third-brush types of dynamo, which may 
he di’rided into two general classes : 

(a) Output regulated by third brush. 

(b) Output regulated by third brush and an external ^mltage regulator. 
The third-brush method of regulating the current output is used 
because of its simplicity of operation and adjustment. It meets the 
average driving requirements as it produces the maximum generator 
output at normal driving speeds. When the generator is cold, the output 
will he somewhat higher than after it becomes warm. Also, at speeds 
beyond the maximum-output range, the output will be reduced or will 
taper off, due to the normal action of the third brush. 


Types of Field-circuit Control 

The third-brush dynamos used may be classified according to the 
manner in which the field circuit is controlled, as follows : 

^ 0 . 1. Field circuit earthed directly to dynamo frame, control 
except third-brush regulation.) 

No. 2. Step-voltage control. ' (Automatically controlled field re- 


sistance.) 

No. 3. Lamp-load 
control. 

No. 4. Yibrating 
voltage regulator. 
(Automatically con- 
trolled field resist- 
ance.) 

No. 5. Manually 
controlled field resist- 
ance. 

No. 6. Divided field 
circuit. 

No. 7. Thermostat 
controlled field resist - 



I'tg. 1. ThISD-BRVSH REOriATED DYJN^AMO ONXY 

There is no control except third -brush regulation. The 
iield ciroiiit is earthed or groanded directly to generator 


anee. 
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THIRD-BRUSH REGULATION ONLY 
Adjusting Output of Dynamo 

With dynamos Laving only tMrd-brush regulation, the field circuit is 
connected directly to the frame of the dynamo, and it is necessary to 
shift the third brash to vary the output in accordance with driving 
requirements and the condition of charge of the battery. With this type 
of regulation there is a tendency for the charging rate to increase as tlie 
battery becomes fully charged. This is caused by the rise in the terminal 
voltage of the battery as it becomes fully charged. Any rise in battery 
voltage causes an increase in generator voltage, thus increasing the 
current in the field coils. When the field-coil current is increased, the 
output of the generator is increased by a proportionate amount, 

STEP-VOLTAGE CONTROL 

The third-brush type of generator without some means of automatic 
voltage control has a tendency to further increase its maximum output 
as the battery approaches a fully charged condition. This condition 
may result in an overcharged battery and high voltage within the 
electrical system. 

Operation of Step-voltage Control 

The purpose of the step-voltage control unit is to increase or decrease 
the generator output in accordance with the requirements of the battery 
and the connected electrical load. When the battery becomes properly 
charged, a set of control points in the control unit opens and shunts the 
generator field circuit through a resistance unit to earth. With the 
resistance unit in the field circuit, the generator maximum output is 
reduced to a safe value. The generator will con- 
tinue to charge at the lower rate as long as the 
battery is fully charged and the electrical load 
is small. If the battery should become partially 
discharged, the contact points in the control unit 
close, removing the resistance from the field circuit, 
and the generator output increases to its maximum, 
depending upon the setting of the third brush. 

When a sufficient electrical load is connected, 
such as lights, radio, heater, etc., to require a 
higher generator output, the voltage -control con- 
tact points will be closed and the generator will 
produce its maximum output, depending upon the 
position of the third brush, and carry the added 
load without drawing current from the battery. 
The voltage -control unit does not increase the 
maximum output of the generator, as this is 



Fig. 2. — Dvn-amo with 
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CONTACT SPRING POST 


ARAAATURE SPRING 
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POiRT OPENING 
CONTACT POINTS 
SUPPORT ARM 
CUT-OUT REIAY 



ARMATURE 

LOWER 
ARMATURE STOP 

POINT OPENING 
AIR GAP 


VOLTAGE CONTROL UNIT 
SPRING HANGER 


F(i/. 3 . — Step toltage conteol unit 

dependent eiitireh^ upon the design of tlie generator and tlie tiiird 
brush. Where driving is confined to daytime operation and there is no 
connected load (except ignition) the generator output may be too high. 
The output should then be reduced by adjusting the third brush to meet 
driving requirements. The voltage- control unit will then reduce the 
output to a safe value when the battery becomes fully charged. 

The step-voltage control, mounted either on the engine side of the 
dash or on the generator, operates to decrease the maximum generator 
output when the battery reaches a fully charged condition. 

Procedure for Checking Step-voltage Control Unit 

Tor typical specifications of stejvvoltage units, table later. 

Chech the voltage at which the contact points of the cut-out relay 
close and the reverse current opening u'ith the ammeter and voltmeter 
connected as illustrated in Ifig. 4. Increase and decrease engine speed 
slowly in order to obtain accurate meter readings at the instant the 
points open and close. 

If the relay does not perform according to s])ecitic*ations. adjust 
according to the methods described under Adjustments of Cut-out Eelay. 

Connect the ammeter and voltmeter according to Tig. 5 to check the 
output of the generator. To secure the maximum output of tlie generator, 
it is necessary temporarily to earth the generator field. This is accom- 
plished by disconnectuig the lead from the ‘‘ F ” terminal of the regulator 
and touching it to the base of the unit. Eaitliiag the generator field 
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Fig. 4. — Checking step toltage conteol unit 

Shomng ammeter eonnections for checking the reverse cuirent opening of the cut- 
out. V^oltmeter connections are for checking the cut-out closing voltage, 

23reveiits the control unit from operating and influencing the generator 
output. It must be home in mind that the generator output is antO' 
matieally reduced when the voltage-control unit is operating. 

To check the opening and closing voltage of the voltage-control unit, 
use the same ammeter and voltmeter connections as in Fig. 5. (Control - 
unit cover must be in place when checking opening and closing voltages. ) 
Gradually increase engine speed and note the voltage at which the 
contact points of the voltage- control unit open and close. When the 
points open the output is reduced, and when they close the output 
increases. 

If the battery is in a low state of charge, the voltage "will not be 
suflicient to cause the control unit to operate, and the contact points 
will normally be held closed. To secure the voltage necessary to operate 
the control unit, throw the resistance switch (if fitted to the tester) to the 
in position. Then slowly increase the resistance until the points close. 
This is the closing voltage of the voltage-control unit. Slowly decrease 
the resistance until the points open. This is the opening voltage. 

If a tester is not available, it may be necessary to insert a small 
variable resistance (approximately -25 ohm maximum) into the charging 
circuit at the “ Bat ” terminal, between the control unit and the battery. 
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Jig, 5. — ClEIEClCING DYNAMiO ODTPTJT Als'D STEP VOLT-AGE CONYTROL TOrT 
Showing ammeter and voltmeter connections for checking and adjusting the dynamo 
outpiit. Use the same connections in checking the opening and closing voltages of the 
step control unit. 


The lot\^est possible resistance to obtain the proper voltage should be 
used to prevent the contact points vibrating. 

Conditions Affecting Yoltage-control Performance 

(1) A lov generator output with a fully charged battery indicates that 
the generator and v'olt age-control unit are functioning according to 
specifications. 

(2) A low output with a partially discharged battery indicates that 
the generator and regulator are not functioning properly. 

(3) If trouble appears to be in the generator or the voltage-control 
unit, the terminal marked “ F ” may be temporarily earthed to determine 
if the generator or the control unit is at fault. If the generator charges 
at its specified rate with the “ F terminal grounded, the control unit is 
probably at fault and should be removed for checking. When the F 
terminal is earthed and the generator does not perform according to 
specifications, it indicates that the generator is at fault. Check for iiigh 
generator voltage. 

(4) A loose connection or high resistance in the charging circuit 
between the control unit and the battery will cause the voltage-control 
points to operate at times and reduce the generator output even though 
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the ba»ttery may not be fully charged. A high resistance or loose con- 
nection will sometimes cause the points to vibrate. 

(5) In cases where the generator charging rate is too high or too low 
for the driving re quire ments, check the opening and closing voltages of 
the voltage- control unit. If the control unit checks according to test 
specifications, adjust the third brush of the generator in the proper 
direction to increase or decrease the output. (Refer to specifications.) 
The voltage settings must be maintained within the specifications for 
the particular unit. 

Cleaning Contact Points 

Contact points should he cleaned with a thin, fine-cut contact file. 
The contact file should not be used to file other metals. The contact 
points can be cleaned without disturbing the regulator setting, if care is 
taken to avoid bending the contact spring excessively. 

Cdniion . — Do not use file excessively on contact points. Never use 
sandpaper or emery cloth to clean contact points. 

Adjustments — Voltage-control Unit (Pig. 3) 

The spring tension, measured at the contacts with the armature up, 
should be approximately | oz. at the instant the points separate. Adjust 
the spring tension by bending the contact spring. 

Air Gap 

Hold the armature down against the lower armature stop and set the 
air gap between the centre of the core and armature by bending the 
lower armature stop. 

Armature Travel 

Release the armature and gauge the travel between the armature and 
the lower armature stop. This amount of travel is obtained by bending 
the upper armature stop backward or forward. 

Point Opening 

With the armature held down against the lower armature stop, 
measure the contact-point opening. The point opening may be adjusted 
by bending the contact-spring post. 

Voltage Setting 

Check the opening and closing voltage of the control unit as previously 
described (refer to Fig. 5). Run the generator until the control unit 
becomes warm. Retard the engine or generator speed until the cut-out 
relay contact points open, then increase speed until contact points close 
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Ibefore cliecking vol- 
tage readings. Do 
not OTeriun the 
opening and closing 
voltages, as the vol- 
tage readings must 
he taken at the 
instant the points 
open and close. 
Yoltage readings 
must be taken vith 
the contxol-nnit 
cover in place to 
obtain true values. 



Fig, G, — LA.irp load coictrox 


The opening Showing generator field resistance controlled at ligliting 
voltage can he in- switch, 
creased by increas- 
ing the spring tension of the spiral spring. This adjustment is made by 
bending the hanger to which the lower end of the spiral spring is 
attached. Decreasing the spring tension lowers the opening voltage. 

The closing voltage is increased by increasing the air gap between the 
armature and core or decreased by decreasing the air gap. It is onl}" 
necessary to bend the lower armature stop slightly w’hen adjusting the 
closing voltage. 

{Note . — After this adjustment, it may be necessary to readjust 
contact-spring post to maintain the correct contact-point opening.) 


LAMP-LOAD CONTROL 

Lighting Switch- controlled Field-resistance Type 

With the type of lamp-load control generator, a resistance (mounted 
on the back of the lighting switch) is in series with the generator held 
circuit, when the lighting switch is in the ‘‘ off ’’ position, against the dash. 
V\^ith the resistance in the field circuit, the generator output is reduced. 
When the lights are turned on for night driving, or when the radio is being 
used, the resistance is cut out of the generator field circuit by a direct 
earth at the switch. Consequently a higher generator output is then 
available. The higher output for daytime driving can also he obtained 
on some cars by pulling the light sAvitch to the first position, Avitliout turn- 
ingf the lig:hts on, to cut the resistance out of the circuit. 

Changing Output of Dynamo 

The current output is adjusted by shifting the third brush. In order 
to obtain the maxim uni specified output of the dynamo, the resistance 
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unit should be cut out of the field circuit. This can be quickly accona- 
plished by earthing the field terminal on the generator frame (designated 
F in Eig. 6). A 1-ohm resistance unit is standard on these switches. 
However, other units are available for various types of driving conditions 
in I”, and li-ohm sizes. The 1-ohm resistance is suitable for average 
driving, which consists of day and night driving as well as high-speed and 
low-speed driving. An excessive amount of any one particular type of 
operation will warrant changing to another size resistance. Without 
disturbing the third-brush setting, the generator output for day driving 
can be increased hy decreasing the size of the resistance unit ; likewise, the 
output can be decreased by increasing the size of the resistance unit. 
Where trouble is experienced with discharged batteries, due to excessive 
night driving, a or |-ohm resistance should be used. If daytime 
operation results in an overcharged battery condition, the IJ-ohm unit 
will reduce the charging rate. In some cases of overcharged batteries, 
it may be advisable to shift the third brush to reduce the output in 
addition to using a larger resistance unit. 

Faulty Resistance 

If the generator does not charge when the lights are off but charges 
when the lights are on, it indicates that the resistance unit is open- 
circuited, and it should he replaced. 

VIBRATING VOLTAGE REGULATOR 

Dynamos used with this type of regulator have the third brush in a 
fixed or adjustable position. The operation of this regulator is similar to 
the step -voltage control unit except that the contact points in the 
regulator vibrate many times per second and regulate the output auto- 
matically in accordance with the state of charge of the battery and the 
connected electrical load. This type of regulator will not increase the 
output of a generator, as this is dependent upon the original design of the 
generator and the location of the third brush. It will, however, control 
the output of the generator hy automatically decreasing the charging 
rate to a low safe value when the battery approaches a fully charged 
condition. When the lights or other electrical loads are turned on, the 
charging rate will increase to take care of the load, up to the maximum 
rated output of the generator, if necessary. 

Operation 

The Delco-Remy vibrating voltage regulators consist of a conventional 
cut-out relay and a vibrating voltage-regulator unit. Eig. 7 illustrates 
the connections of an ‘‘ IGIN ’’ terminal type. In a no-'‘ IGN ’’-terminal- 
type regulator, the regulator voltage winding is connected to the cut-out 
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frame instead of to an IGN ” teriainal. Some units, as in Fig. 7, have 
an auxiliary terminal marked G-RD ” and an auxiliary set of contact 
points on the cut-out armature through which the starting motor solenoid 
relay completes its circuit. A generator charging indicator light, used 
in place of a dash ammeter, may also be connected to this set of contacts, 
in which case they will be insulated from the armature. These iDoints 
are not part of the charging circuit. 

The Toltage-regulator unit consists of two cores which, with their 
windings, form an electro-magnet. One core is wound with iminerous 
turns of fine wire and is connected to the " off side of the ignition switch, 
as illustrated in Fig. 7. As the battery voltage increases to a predeter- 
mined value, the magnetic pull on the regulator armature increases until 
the armature is attracted towards the core, against a restraining spring 
tension. A pair of contacts in series with the generator field are opened, 
and a resistance shunting these contacts is inserted in the field circuit. 
This resistance is sufficient to reduce the generator voltage below that 
necessary to open the contacts, and they immediately close, eliminating 
the resistance, thus increasing the voltage of the generator. This cycle 
occurs many times per second, resulting in a battery voltage that is held 
practically constant. 

The second core is wound with a few turns of larger wire in series with 
the generator field, and aids the main winding of the regulator unit. 
When the contacts break, the current in this circuit is instantly reduced, 
and likewise the magnetic pull on the armature, thus allowing quicker 
closing of the contacts and more rapid vibration of the annature. 

The regulators are over- compensated for temperature so that they 
have a lower voltage when hot. This compensation for temperature is 
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necessary, as a cold battery requires a higher charging voltage than one 
that is warm, consequently it is necessary to vary the charging voltage in 
accordance with battery requirements. 

The compensation is accomplished by the use of a bi-metal hinge on 
the regulator armature. It is not necessary to change the voltage setting 
for winter and summer driving. 

Installation Caution 

Check the mounting of the regulator unit to determine if a good 
earth connection is being obtained. Regulators are designed for use with 
negative and positive earthed batteries. A regulator designed for use 
with a positive earth must be used with a battery having the positive 
terminal earthed, and a regulator for negative earth must be used with a 
negative-earthed battery. 

If the polarity of the generator is reversed, the cut-out relay contact 
points will vibrate and burn. To avoid the possibility of reversing the 
generator polarity, the regulator should be mounted on the dash before 
connecting the leads to the regulator. In connecting the leads, the T ” 
terminal connection at the regulator should be made last. To eliminate 
any doubt as to the polarity of the generator, momentarily connect a lead 
from the “ GEN to the “ BAT ” terminals of the regulator after all the 
connections have been made and before the engine is started. This vdll 
automatically giye the generator the correct polarity. 

Rough Check to Determine Location of Trouble 

If the generator and regulator do not operate satisfactorily, the 
following conditions should be checked before making any adjustment to 
the regulator : 

(a) Re sure that the base of the regulator is properly earthed. 

(b) Earth the regulator terminal marked “ E ” while engine is running 
at approximately the maximum generator output. If the generator 
charges satisfactorily with the “ F ” terminal earthed, the trouble is in 
the regulator, and it should be replaced or adjusted. 

(c) If the generator does not charge with the ‘‘ E terminal earthed, 
remove the lead from the ‘‘ GEN ” terminal of the regulator and strike 
it against an earth such as the motor block. If no spark occurs, the trouble 
should he looked for in the generator. If a spark occurs , the regulator is 
probably at fault. 

(d) A high charging rate may he caused by a shorted battery. 

(e) A low charging rate may be caused by a loose connection in the 
charging circuit, sulphated battery plates, or other high resistances. 

(/) With no connected electrical load except ignition and dash instru- 
ments, a low generator output with a fully charged battery indicates that 
the regulator is functioning properly. 
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The regulators are adjusted at the factory and, under ordinary cir- 
cumstances, will not need any attention in serTice. 

Do not set regulator voltage above maximuM specified mine. 

PROCEDURE FOR CHECKING YIBRATING VOLTAGE REGULATOR 
Cut-out Relay 

With the voltmeter connected as illustrated in Fig. 8, gradually 
increase the engine speed and note the voltage at which the cut-out relay 
contact points close. With the ammeter connected as in Fig . 8, gradu- 
ally decrease engine speed and note the reverse current necessary to open 
the points. If necessary, adjust according to instructions under Adjust- 
ments of Cut-out Relay. 

Generator Output 

To check the output of the generator, connect the ammeter and 
voltmeter to the regulator (Fig. 8). It is necessary to earth the ‘‘F 
terminal temporarily while making this check to obtain the maximum 
output of the generator. A convenient method of earthing the “ F ” 
terminal is by touching a screwdriver to the “ F ” terminal and the base 
of the regulator. The generator voltage should be noted when checking 
the output, as a low voltage will prevent the generator from producing 
its rated output. To secure the correct voltage, include |-ohm variable 
resistance in the charging circuit and cut in the resistance until the 
correct voltage is obtained. If the generator does not build up to its 
specified value, the generator is probably at fault and should be removed 
and checked or the third brush adjusted. 

Voltage-regulator Unit 

To check the voltage at which the regulator is operating, disconnect 
tlie “ IGN ’’ lead from the regulator and place a jumper lead from the 
IGN ’’ to the ‘‘ AM3I ” or “ EAT ’’ terminals and connect the ammeter 
and voltmeter leads to the regulator, as illustrated in Fig. 9. Gradually^ 
increase the engine speed until it is operating at a speed at which it 
would ordinarily produce maximum output. If less than 8 amps, is 
obtained, turn on the lights. Cut in the resistance until the output is 
reduced to 8-10 amps. After the regulator has reached its proper 
temperature (150° F., or very hot to the hand) , retard the speed of the 
generator until the cut-out relay contact points open. Then increase to 
the original speed and with a generator output of 8-10 amperes check 
the voltage at which the v'olt age-regulator unit is operating (regulator 
cover must be in place). Refer to Adjustments for method of adjusting 
the voltage setting. 

Note . — To maintain the 8-19 ampere output while making this 
check, it is recommended that a variable resistance of approximately 
•25 ohm, with sufficient current-carrying capacity, be used in the charging 
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circuit, (in series at the ‘‘ AMM ” or BATT ” terminal of the regulator). 
Fig. 9 shows the method of inserting this resistance in the circuit when 
an AVR Electro -eheck is used. 

Another method of checking the regulator voltage using a voltmeter 
and a fixed resistance is to disconnect the “ BAT ” (‘‘AMM ”) lead from 
the regulator. Connect a fixed resistance unit, of | ohm for 6-volt units 
and IJ ohm for 12-Tolt units, between “ BAT*’ terminal of regulator 
and earth. Connect voltmeter from “ BAT*’ terminal to earth. Where 
the unit under test is an “ IGrN *’ terminal-type regulator, disconnect 
“IGN” lead and place jumper from “IGN” to “BATT*’ terminals. 
Operate the dynamo at a speed at which it would ordinarily produce 
maximum output until the regulator reaches operating temperature. 
Then note the voltage at which the unit is operating. 

Performance of Vibrating Voltage Regulator 

(a) Excessive sparking and erratic operation of the voltage-regulator 
contact points may be due to low tension on the upper contact spring or 
misalignment of contacts. Such excessive sparking may, in time, oxidise 
the contact points sufficiently to cause high resistance and prevent the 
generator from charging. 

Clean the contacts with a thin, fine-cut contact file to obviate this 
condition. 



8. — V'OiriMETEK CONJ^IECTIONS TOR CHECKLNG CTJT-OUT CLOSING VOLrAGE AND 
AMMETTR CONNECTIONS TOR CTEPECKING RENEESE CTJE3RENT OT’ENINa OF OUT- OTTT RELAY 
nONTTACT ROINTS 
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Fi(J, 9.-~ChECKING V^IBRATINa EEGUIiATOR OPERATING VOLTAGE 
Voltmeter and ammeter connections with variable resistance in charging circuit for 
checking regulator operating voltage. 

(6) The installation of radio b^-pass condensers on the Jield terminal 
of the regulator or generator A\^ill cause the regulator contact points to 
oxidise. Oxidised points cause a high resistance, and may result in a low 
charging rate and a discharged battery. Do not connect radio by~][)ms 
condensers to the field terminal of the regulator or generator. If a condenser 
has been installed on the field terminal, clean regulator contacts with a 
small file. 

(c) Oxidised Contact Points. — -There are two convenient methods for 
detecting oxidised contact i}oints on the voltage-regulator units without 
removing the regulator cover. First, if the unit is being checked on the 
car, disconnect the lead from the “ IGN ” terminal on the regulator and 
connect the ammeter test leads to the unit, as illustrated in Fig. 9. Run 
the engine at a slow speed until 4 or 5 amperes output is being obtained, 
then earth the ‘‘ F ” terminal of the regulator and note the difference in 
the ammeter reading. (Generator speed must be held constant.) If the 
ammeter reads 2 or more amperes higher with the F ” terminal earthed 
at the regulator, it indicates an excessive amount of oxide on the voltage - 
regulator contact points. The oxide on the points insets an additional 
resistance in the generator field circuit , resulting in a lower gene rat or out put . 

{Note. — Disregard the initial surge of the ammeter needle and wait 
until it remains steady. ) 
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Second, if the regulator is removed for a bench-test check, oxidised 
contact points mdbj be detected by noting the speed at which the contact 
points on the cut-out relay dose with and without the ” terminal 
earthed. 

[MoU , — ^The generator commutator should he sanded before making 
this check.) 

If the cut-out relay contact points close at a lower speed with the 
“ E ” terminal earthed, it indicates oxidised points on the voltage- 
regulator unit. For example, if the points close at 600 r .p .m . without the 
“ E ” terminal earthed, and by earthing this terminal they close at a 
speed of 500 r.p.m. or lower, it indicates an excessive amount of oxide on 
the regulator points. The points will normally close at a slightly lower 
speed with the “ E ” terminal earthed. If, however, they close at a 
difference in speed of 100 r.p.m. or more with this terminal earthed, the 
points should be cleaned. The presence of oxide on the contact points 
will make it necessary for the generator to he driven at a greater speed to 
build up sufficient voltage to close the cut-out relay points. 

Cleaning Contact Points 

Contact files should not be allowed to become greasy and should not 
be used on other metals. 

Contact points can be cleaned without disturbing the regulator setting. 

Do %ot use the file excessively on the small contact material ; this is 
only a few thousandths of an inch thick. 

Never use sandpaper or emery-cloth to clean contacts. 

ADJUSTING VIBRATING VOLTAGE REGULATOR 

Air Gap 

With the fibre bumper barely touching the contact-spring post, check 
the air gap between armature and core centre. Adjust the air gap by 
bending the contact-spring post. 

If it is impossible to secure the proper cold and hot regulator voltages, 
the air gap may be decreased to lower the cold setting with respect to the 
hot setting or increased to increase the cold setting with respect to the 
hot setting. 

Point Opening 

With the armature held down against the lower armature stop, 
measure the contact-point opening. Yary the point opening hy adjusting 
the lower armature stop. 

Gap between Fibre Bumper and Contact-spring Post 

When the armature is up, check the gap between the fibre bumper and 
its stop. Adjust the upper armature stop to obtain the correct gap. 



DELCO-REMY DYKTAMOS AND CONTROL UNITS [ror. ir.] 193 


CONTACT SPRIMC- 
GROUMO CONTACT SUPPORT^ 
ARMATURE SPRING 

SPRING POST 
CONTACT POINTS 



CUT-OUT RIIAY 


ARMATURE SPRING 


UPPER ARMATURE STOP 
tONTAa POINTS 
FIBRE BUMPER 
CONTAQ SPRING POST 
MMATURE 

LOWER 

ARMATURE STOP 
RESISTANCE UNIT 


VOLTAGE REGULATOR 
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10. — VIBRA.TING VOLTAGE BEGULATOE 


Contact -point Spring Tension 

Contacts should be adjusted to meet squarely and with a min in nmt 
pressure of 3^- oz. (Check pressure at the instant the points separate, 
using a spring scale of the type for checking distributor lever arm tension.) 
Adjust pressure by slightly bending the contact spring carrying the upper 
contact. 

Regulator Voltage 

Check the regulator operating voltage as preTiousl3’ described (refer 
to Fig. 9) with the regulator at the proper temperature. The voltage is 
regulated by slightly bending the spring hanger to which the lower end 
of the spiral spring is attached. Increasing the spring tension increases 
the voltcage, and decreasing the tension decreases the voltage setting. 
If, when adjusting the regulator to the proper voltage, it is found that the 
spiral spring does not have enough tension to hold it in place, reduce the 
tension of the upper contact spring — but not less than the low limit 
specified. When checked on a bench test, the regulator should be in the 
same position as on the car (i.e. horizontal or vertical), and the base must 
be earthed. 

Do not mn generator or set voltage on open circuit. This tvill cause 
dafnage to the regulator. 

OTHER TYPES OF CONTROL WITH THIRD BRUSH DYNAMOS 

The type of control for an adjustable third brush d\’nauio using a 
thermostat controlled field resistance is described on page 8. This type 

M.R.O, IV. 13 
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ut»Hr6 ^ ^ 

Fig. 11. — Divided field circuit lamp xoad dynamo 


of unit, in addition 
to the third brush, 
employs a thermo- 
stat,, mounted in- 
side the dynamo, 
which opens its 
points as the 
dynamo Tbecomes 
hot (165° 01 200° 
F., depending on 
the type of thermo- 
stat used), and in- 
serts resistance into 
the generator field 
circuit, reducing the 
generator out- 
put. 

The use of manu- 
ally controlled field 
resistance is referred 
to on page 10. 


Adjustable Third Brush with Divided Field Circuit 

On this type of application the dynamo has two sets of field coils. 
With no hghts turned on, only one set is used. When the lights are turned 
on, the current to the hghts flows through the auxiliary coils, increasing 
the dynamo field strength and thus the dynamo output. Some applica- 
tions of this type 
nse two cut-outs, as 
illustrated in Fig. 12. 
Two readings are 
necessary in chech- 
ing the divided field 
generator, the out- 
put at the “A” 
terminal, and the 
lamp load at the 
'‘L ” terminal. The 
output at the ‘‘ A ” 
terminal is adjusted 
to the correct value 
hy the third brush 
ad j ustmeiit . The 

Fig. 12.~ -Divided field circuit dynamo wired with two Ln.lp load connected 
CUT-OUTS to the “ L ” terminal 
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does not register on 
the dash ammeter and 
must never exceed the 
maximum specified. 

Split Field Type 

This type of dynamo 
1ms a third brush field 
and a shunt field con- 
nected together at the 
field terminal (Fig. 13). 

The output curve 
developed by the 
combined vindings re- 
presents a composite of 
the performance curves 
of the individual fields. 

Vibrating voltage regnlatioii is used v'itli this type of generator to regulate 
the output to the correct value as required hy the connected electrical load 
and condition of charge of the battery. 

TWO-BRUSH DYNAMOS 

The above details deal with forms of output control or regulation 
applied to third -brush dynamos. We will now consider the methods 
used for controlling the field current of a shunt wound, two-hrush dxmamo, 
by means of (^^) current regulator, and (b) current and voltage regulator. 

The shunt wound dynamo does not have a third brush, the field circuit 
being connected across the two main hnishes through tlie regulator unit. 
This type of dynamo reaches its maximum output at a loAver speed and 
maintains a constant output throughout the higher speed ranges without 
the “taper-off” characteristic of third-brush dynamos. External 
current regulation is required with tliis type of dynamo. 

VIBRATING CURRENT REGULATOR 

The current regulator [see Fig. 15) consists of a current regulator unit 
and a cut-out relay mounted on the dyiiaiuo or the engine side of the 
dash. 


Fi(f. 14.— WiRiVG 

DIAGRAM OF A 
CriiRENT KEGl’- 
LATOR 


lUTEaLKiA,U ZUTTxtJ-f 



6B.0UKJD uEJkO FaOM 



Fiij . i:3 . — Split field type uf jDYLVA3[o 






196 [VOL. IV.] ELECTRICAL AND ACCESSORY EQUIPHENT 


AfiMAtUHE 
ARMATURISTOP-i 

ARMATURE SPRING 

SPRING POST 
POINT OPENING 
CONTACT POINTS 
CUT-OUT RELAY 


RESISTANCE UNIT 

CONTACT SPRING 

UPPER ARMATURE STOP 
FIBRE BUMPER 
““ CONTACT 
SPRING POST 
POINT OPENING 
LOIVER 

ARMATURE STOP 
AIR GAP 
THERMOSTAT 



CURRENT REGULATOR 
SPRING HANGER 


Fig . 15 . — Current begulator 

TLe current regulator limits the generator output to a specified value 
which is governed hy the setting of the regulator. The contact points are 
normally held in a close position, due to the tension on the armature hy 
the armature spring. When the magnetic pull on the armature over- 
comes the spring tension, the contact points open and insert a high resist- 
ance in the shunt field circuit of the generator. This resistance in the 
field circuit reduces the generator output so that the spring tension loses 
the contacts and the output again increases. The armature vibrates 
many times per second, resulting in a practically constant generator 
output at all speeds, provided the generator is being driven at a speed 
fast enough to enable it to reach its maximum output. The maximum 
output of the generator depends upon the setting of the current regulator. 

When the lights are turned on, the generator output is automatically 
increased hy 50 per cent, of the additional load. If the light load is 
increased beyond luminations or a short circuit occurs, the bi-metal 
thermostat points open and vibrate, causing the lights to flicker. When 
this occurs, the light load should be reduced or the short circuit condition 
eliminated. The thermostat points open with 20 amps. Lowing and 
vhen the surrounding temperature is 210° F. 

Some of the current regulators are compensated fox temperature, which 
means that the current output of the generator will decrease below the 
normal setting as the operating temperature becomes abnormally high. 


DELCO-EEMY DYNAMOS AND CONTROL UNITS [ vol . iv.] 197 


Fig . 16 . — Current eeguul- 

TOR 

Showing voltmeter and 
ammeter connections for 
cheeking the ciit-out closing 
voltage and the reverse cur- 
rent necessary to open the 
cut-out contact points. Fse 
these connections for check- 
ing generator output. 



MUST BE CROUNOEO 
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^ig. 18. — AMMErER CONNECTIOJJS to OtlBRENT EBaULATOR, FOR CHBCICING 
lAMP LOAD 


Likewise, the output will increase when the temperature of operation 
becomes abnormally lo^y. 

Checking Current Regulator 

( 1 ) With the ammeter and voltmeter connected as in Fig. 16, check 
the voltage at which the cut-out relay contact points close and the 
reverse current at which they open. (Gradually increase and decrease 
engine speed when making checks to obtain accurate meter readings. 

(2) Use the same meter connections as in Fig. 15, to check the genera- 
tor output. Check the output with the hghts on and oif. When the 
lights are on the output is automatically increased, and with the lights off 
it is decreased. 

The generator voltage should he noted when checking the output. 
Connect a voltmeter to the regulator as shown in Fig. 17. If the dynamo 
voltage is too high or too low, remove and check on a test bench. Low 
generator voltage will prevent the output from reaching its maximum 
and high voltage may result in damage to the generator or regulator. 

(3) It is important, with this tyj)e of regulator, never to exceed the 
total allowable lamp load. To check the lamp load, connect the ammeter 
as shown in Fig. 18 and turn the lights on. If the ammeter reading 
exceeds specifications, reduce the lamp load. 
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Adjustments 

Contact points 
should be cleaned 
as described pre- 
yiously. 

Air gap, |)oint 
opening and fibre 
bumper gap adjust- 
ments are as de- 
scribed on page 192 
for the vibrating 
voltage regulator. 

Spring tension, 
measured at the 
contacts, slioxdd be 
approx. 2 1 ounces 
and may be ad- 
justed by slight!}^ 
bending the contact 
spring. 

Adjust current output by slightly bending the spring hinges to which 
the lower end of the spiral spring is attached. Increasing the spring 
tension increases the current output. Decreasing the tension decreases 
the output. The current regulator unit operates only at the value for 
which it has been set. 


CaE.NE:e.Arroc. 


STOiAUE RkTrECNC* 


19 .- 


J DTAGRAM OF A SHUNT DYXAMO WITH CUERENT 
ND VOLTAGE REGULATION- 


THE CURRENT AND VOLTAGE REGULATOR 

When these two units are u.sed together in a Delco-Remy system, they 
are mounted, with a cut-out relay, on a single base and are enclosed by a 
single cover. Either the current regulator unit or the voltage regulator 
unit will operate at auy one time, never both at the same time. 

When the requirements of the connected electrical load are large and 
the battery is low, the current regulator unit operates to prevent the out- 
put from exceeding the rated output of the generator and the voltage 
regulator unit is inoperative. If the requirements of the connected elec- 
trical load are reduced and the battery conies up to charge, the voltage 
regulator unit operates to prevent high voltage at the battery and in the 
circuit, and the increasing resistance of the battery as it becomes charged 
tapers down the generator output. The output is thus reduced, b}" the 
action of the vibrating voltage regulator unit, to what is required by the 
connected electrical load plus a small sustaining charge of a few amperes 
to the battery. 

Voltage Regulator 

The construction of tlie voltage regulator unit is similar to tbe current 
regulator except that one of tbe cores is wound with a large number of 
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turns of small we connected between earth and petrol gauge terminal 
(see gas gauge terminal, Fig. 19) on the ignition coil or the ‘‘off” side 
of the ignition switch. The current in this winding varies with, the 
battery voltage . Whenever the battery voltage reaches a pre-determined 
value, the magnetic pull on the armature overcomes the spring tension and 
the contact points open, inserting a resistance into the field circuit of the 
generator. As soon as the contacts open, the voltage immediately drops 
and the points close. This cycle occurs many times a second, resulting in 
a generator voltage that is held practically constant. 

The voltage coil of the regulator is connected at the ‘‘ off ’’ side of the 
ignition switch or the petrol gauge terminal on the ignition coil, which is 
practically at battery voltage. Therefore, the regulator regulates for 
' battery voltage, thus eliminating the effect, due to line drop between the 
generator and battery, with varying amounts of current flowing. 

There are a few turns of heavy wire around the other core of the 
voltage regulator unit, in series with the generator field circuit and aiding 
the main winding of the regulator unit. When the voltage regulator 
contacts open, the current in this aiding 
coil is immediately reduced to zero, thus 
enabling the contacts to quickly close and, 
in this way, to increase the speed of 
vibration of the contact points. 

Resistance Units 

Recent dynamos with increased outputs 
have made it desirable to use different 

resistance values across the current Fig, 21, Two ebsistan'cb uNris 

regulator and voltage regulator than connectep ii? fielp circuit 




DELCO-REMY DYYMIOS AND CONTROL UNITS [vol. iv.] 201 


Fig. 22. — Checki^ig cut-out 

RELAY* ON* CURRENT AND VOL- 
TAGE REGULATOR 

Showing voltmeter connec- 
tions for testing cut-out closing 
voltage. Ammeter-connections 
for checking reverse current 
opening of cut-out. 




Fig. 23. — CuECKiN’<; voltage reoitlator 
Voltinater aiul ammeter connections with variable resistance in charging circuit. 
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24. — Ammeter connections for checkhstg current setting op 
THE current regulator 

■were formerly used. The later type regulators have two resistance 
units of different values connected in the generator field circuit, as 
shown in Fig. 21. This arrangement permits the use of a lower 
value resistance with the current regulator operating than is necessary 
with the voltage regulator. When the current regulator contacts open, 
the two resistance units in parallel will reduce the generator output to the 
current regulator setting. When the voltage regulator contacts open, 
only the high value resistance is inserted in the field circuit, which reduces 
the charging rate to a minimum with a fully charged battery and no con- 
nected load. This resistance is of sufficient value to prevent the generator 
voltage from “ creeping ” or increasing due to continued high speed opera- 
tion with a fully charged battery. The above arrangement reduces 
sparhing and oxidising of the current regulator contacts and permits 
satisfactory voltage regulation of higher output generators. 

Rough Check to Determine Location of Trouble 

If the generator and regulator do not operate satisfactorily, check in 
the same way as described on page 188 under the above heading. If the 
generator charging rate is too high or too low, check the settings of the 
current and voltage regulator units. With no connected electrical load 
except ignition and petrol gauge, a low charging rate with a fully charged 
battery indicates that the regulator is functioning properly. 
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Checking Cut-out 

Voltmeter and ammeter connections for checking tlie cut-out operation 
are sho'wm in Fig. 22. When checking on a bench test, the regulator must 
be earthed h}^ connecting a lead from the ‘‘ GRD ” terminal to earth. 

Testing Voltage Regulator Unit 

The method of testing the voltage regulator unit is the same as de- 
scribed on page 189. Fig. 23 gives the ammeter and voltmeter connec- 
tions. Check the voltage at a generator speed of 2,000-3,000 r.p.m. with 
8-10 amps, ftowing. 

Testing Current Regulator Unit 

Remove the jumper lead, and with the “ IGN ” lead disconnected 
from the regulator, connect the ammeter test leads to the regulator as 
shown in Fig. 24. Turn on the lights and gradually increase the speed of 
the generator until the output remains constant. Under this condition, 
the output of the generator will be the amount for which the current 
regulator is adjusted. 

It is not absolutely necessary to turn on the lights when clieoldiig the 
current regulator, but, in case the battery is fully charged, it will prevent 
excessively high voltage within the electrical system while making this 
check. 

Conditions Affecting Performance 

Causes of excessive sparking at the contacts, and erratic operation 
and methods of testing for oxidised points are dealt with on pages 1 90 and 
191. 

Adjustments 

The air gap, point openings, etc., are adjusted in the same manner as 
described on pages 192 and 193. 

The eiuTent setting of the current regulator is adjusted by bending 
the lower spring hanger. 

ADJUSTMENTS AND MAINTENANCE OF DYNAMDS 

If a generator is not performing according to specih cat ions, and it has 
been determined that the cut-out relay or regulator is not at fault, the 
generator should be removed and checked thoroughly on a bench test. 

Adjusting Dynamo Output 

The output of third-brush generators can be changed by shifting the 
position of the third brush with respect to the main brushes. The third 
briisli is mounted on a movable plate, located inside the oomniutator end 
frame. Tliis plate is usually held in place by a clamp and a small round- 
head screw', located on the outside of the commutator end frame on the 
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smaller-size generators. In order to adjust the charging rate to a greater 
value, loosen the locking screw and shift the third brush in the direction 
of armature rotation. The outpnt is decreased by shifting the third 
brush opposite to the direction of armature rotation. After adjustments 
have been completed, tighten the lockscrew so there will be no change in 
output while the generator is in operation. 

When checking or adjusting the generator output, it is essential to use 
an accurate reading ammeter connected in series in the charging circuit 
at the generator terminal, rather than to use the dash ammeter. In 
checking the output of any generator, it is recommended that an accurate 
reading voltmeter be connected from the generator-armature terminal to 
earth at the same time the current output is checked. 

Never set the output of a generator beyond ike maximum safe specified 
value. 

Some generators are air-cooled hy means of a powerful centrifugal 
fan, incorporated in the generator drive pulley. Air-cooling the generator 
allows it to carry a heavier load without danger of overheating. A 
generator ventilated in this manner will carry a greater load than a non- 
ventilated unit and still run 80"^ F. to 100° F. cooler. 

Adjusting Brush Tension 

In case the hrush-spring tension becomes weak, the charging rate will 
he reduced and more or less arcing and burning of the commutator will 
result because of poor contact of the brushes. Excessive spring tension 
will cause the commutator and brushes to wear faster, reducing the 
amount of service to be obtained from them. The brush -spring tension 
should be within limits for the particular model being checked. Brushes 
should be removed and checked to determine if they are seating properly. 
The pigtail ” lead connection at the brush should be checked to see that 
it is tight. A loose connection at this point causes a high resistance, 
forcing the generator to build up its voltage to a dangerously high value. 

Bedding Brushes 

Brushes used in the swivel -type holders should be well bedded on the 
commutator in order to obtain the correct generator output. To bed the 
brushes in these types of holders, wrap a strip of No. 00 sandpaper around 
the commutator, with the rough side next to the brush or brushes. A 
few strokes with the sandpaper will form the brush seat correctly. 
Never use emery cloth to seat brushes. 

With reaction- type brush holders, where the brush floats ” in the 
holder, the brushes attain the proper seat during the normal operation 
of the generator. Do not seat brushes in reaction-type holders. If the 
brushes in the reaction-type holder do not seat properly, check the holders 
for burrs or other defects which may cause the brush to stick. A rough 
or burred commutator may cause brushes to seat improperly, and it 
should be smoothed up hy using sandpaper. 
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Testing for Internal Defects in Dynamo 

A set of test points provides a very simple but practical method of 
checking for earths, short- or open-circuits within the dynamo or genera- 
tor. The set consists essentially of an ordinary" lamp provided witli two 
insulated leads attached to the test points proper, and connected to the 
mains. When the test points are brought together, current vill pass and 
the lamp will light. If a wire or lead is thought to be broken, it may 
easily be checked by placing one test point on one end, and the other test 
point at the other end of the wire. If the lamp lights, the lead is not 
broken. On the other hand, if the lamp does not light, it indicates an 
open-circuit condition exists. 

The following conditions can be checked with the test points : 

Open- Circuit in Field Coils 

To test for open circuits in the field coils, use the test points by placing 
one point on each terminal of the coil being checked. If the lamp fails to 
burn it shows that the coil is open-circuited and it should be replaced. 
Insulate the field- coil terminals before checking for an open-circuit . If 
the generator has a thermostat, it is necessary that the resistance unit be 
checked for open -circuit. An open-circuit in the field circuit will prevent 
the generator from charging. 

Earthed Field Coils 

The field-earth connections should he removed before making this 
check. To test for earths, place one test point on the frame of the 
generator and the other one on a terminal of the field coil. If the lamp 
lights, it indicates an earth. 

Insulated Main Brush Earthed 

Insulate the generator brushes from the commutator by placing a 
strip of heavy paper under the brushes. Use the test points between the 
insulated main brush arm to a convenient earth. If test lamp burns, the 
brush arm mounting stud is earthed. 

Earthed Armature 

To check for an earthed armature winding, raise all the generator 
brushes and insulate them with pieces of cardboard from the commutator. 
(Be sure that the commutator is clean and that there care no particles of 
carbon or copper between the bars.) Place one of the test points on the 
armature shaft and the other on the commutator. If the lamp burns, it 
. indicate earthed commutator or armature coil. 

Open-circuited Armatures 

To accurately check for an open -circuit condition, it is necessary to 
use the test points and an accurate -reading voltmeter. To make this 
check, remove the armature from the car. 
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Connect the terminals of a storage battery to points on the commuta- 
tor which are diametrically opposite. In case a bar -to -bar test fixture is 
used, a rheostat or resistance of some kind is usually included in the 
circuit and the test points are fixed so that it is only necessary to rotate 
the armature hy hand [see Fig. 25). When testing for open -circuited 
armatures, the rheostat or resistance should he cut out entirely. With a 
pair of test points connected to the 15-volt scale of the voltmeter, measure 
the voltage across each two adjacent commutator bars (see Eig. 25). If 
there is an open-circuited coil, the voltage reading will increase to approxi- 
mately full battery voltage. The test points should be shifted one bar 
at a time until every commutator bar has been checked. 


Short-circuited Armatures 

If there are no open-circuited coils, the armature should next be tested 
for short-circuited coils. Always make an open-circuit test before pro- 
ceeding with short-circuit test, in order to avoid the possibility oj damaging 
the rnillivoltmeter. 

The armature is connected as described in the paragraph under 
“ Open-circuited Armatures ” (Tig. 26), except that for this test, the one- 
tenth (^V) or milli-volt scale is used instead of the 15-yolt scale. The 
voltage drop between each two adjacent commutator bars is measured by 
slowly turning the commutator by hand. The readings on the voltmeter 
should he approximately the same. If any of them drop nearly to zero, 
it will indicate that one or more of the armature coils axe short- 
circuited. 

Caution , — In taking these readings, care should be taken to keep the 
points on adjacent bars, otherwise the voltage drop may be sufficient to 
injure the voltmeter. 

Another method of testing for a short-circuited armature is known as 
the ‘ ' Growler ” test {see Fig. 26). This test is very satisfactory and more 
easily accomplished than the one just described. The armature to he 
tested is placed on the “ Growler,” which is a transformer. A thin strip 
of steel is placed on top of the armature core and an alternating current 
passed through the transformer. 

The armature is rotated slowly by hand, keeping the steel strip 
uppermost on the core (see Fig. 26). A short-circuit in the windings 
will cause the strip to become magnetised, and to vibrate very percep- 
tibly. Open- circuited armatures cannot he detected in this manner. 

A short-circuit may be either in the windings or at the commutator. 
Short-circuits at the commutator are usually caused by foreign matter in 
the slots between adjacent bars, defective mica insulation, or burred 
commutator riser bars. Unless the fault is visible to the eye it is not 
advisable to attempt repairs. Only genuine Belco-Remy armatures 
should he used for replacement. 
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Inspection and Main- 
tenance 

It is advisable to 
inspect the generator at 
least every 20,000 miles, 
and to make any 
adjustments or repairs 
needed. Have tlie 
various parts taken out , 
tliorouglily cleaned and 
greased, and any other 
parts excessively worn, 
repaired or replaced. 

If the eomnmtator is 
worn or eccentric (ont 
of round) it should he 
turned in a lathe to true 
it. The mica in the 
commutator should he 
undercut. Commutator and brushes should he kept clean. Brushes 
should seat well. All connections in the charging circuit should be kept 
tight and clean. (A loose or corroded connection causes high resistance 
and may cause the generator V'oltage to build up to a dangerously high 
value.) 

Bearings 

Annular ball bearings and bronze bearings are used in practically all 
generators. Some generators use the annular ball bearings on both ends 
of the shaft, while others use a bronze bearing on one end and a ball 
bearing on the other end. When the generator is being overhauled, the 
bearings should be cleaned and well oiled before being assembled. 

Lubrication 

All bearings provided with hinge -cap oilers should he supplied with 
8-10 drops of light engine oil every 1,000 miles. Generators having ball 
healings that are provided with grease-cups should have the grease- cups 
filled witli special ball-bearing grease every o,000 miles. 

Do not Operate Dynamo on Open-circuit 

All important factor that must not he overlooked is that the generator 
must not be operated unless it is connected to a battery, or damage to the 
unit will result, as the battery plays an important part in maintaining a 
normal voltage condition. When the generator is operated on open- 
circuit, the voltage will rise abnormally high, thus increasing several 
times the normal amount of current through the field coils, and cause the 
insulation on the field coils and armature to be burned. 





Fiif. 25 . — Test coNisECTioisS for open' asu 

CIRCUITED armatures 
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If the generator is to be operated witlioxit being connected to a battery, 
it should be short-circuited by disconnecting the lead that is connected 
to the generator side of the cut-out relay and connecting it to a convenient 
earth. 

CUT-OUTS 

A cut-out relay is used to complete the circuit between the generator 
and battery. When the generator voltage exceeds the battery voltage, 
the contact points in the relay close and the circuit between the generator 
and battery is completed. When the battery voltage exceeds the 
generator voltage, the contact points open to prevent the battery from 
discharging through the generator windings. This unit is usually mounted 
on the generator frame, although, if a regulator is used, it is usually 
mounted on the same base as the regulator unit. The operation 
and adjustment of the relay is the same whether it is mounted as an 
individual unit or with a regulator. 

The relay consists essentially of a set of contact points and a 
coil winding. The relay coil consists of a heavy series (current) winding 
and a shunt (voltage) winding. The shunt winding is connected to 
the “GEN” terminal of the relay and is earthed to the base of the 
relay. The actual closing of the contact points is caused by the mag- 
netism created by the shunt winding when the generator operates at a 
sufficient speed to charge the battery. The series winding is connected 
in series with the contact points in the charging circuit, and current 

points are in a closed 
position. When the 
battery voltage exceeds 
the generator voltage, 
the current flows in 
a reverse direction 
(from battery to gen- 
erator) in the series 
winding to oppose the 
pull of the shunt 
winding and cause the 
contact points to 
open. 

Adjustment of Cut-outs 

Cut-out relays are 
designed to close at a 
predetermined voltage 
and to open with a 
small reverse current 
flowing. 


flows only in this winding when the contact 

steel strip held over 
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Specifications for the cut-out 
relays are shown in the tables. 

Air Gap 

With the contact points 
closed, measure tlie air gap 
bet-vveen the armature and core 
centre at point D (Fig. 27). 
Adjust the air gap by loosening 
the two screws and move 
the armature up or down as 
required. If necessary, align 
the support carrying the lower 
contact so that the air gap 
between core and armature will 



TERMiMAL 

Fig, 27. 



IjGEM. 

TERMINAL 


DeXCO-ReMY CUT-Ol'T 


A, spring post. B, armature stop. C, con- 
tact points. D, air gap. E, air gap adjusting 
screw. 


be uniform. 


Point Opening 

Measure the contact-point opening with the armature in the up 
position. Adjust by bending armature stop B. On the relays 
equipped with an upper set of points, adjust the point opening by bending 
the support carrying the upper contact point. Clean contact points with 
a thin, fine-cut contact file if pitted or burned. 

Cut-out Closing Voltage 

Connect an accurate-reading voltineter to the relay terminal marked 
‘"CtEIsT” and to a convenient earth. 8tart the engine and gradually 
increase the speed until the contact points close. This is the closing 
voltage of the relay, and it can he adjusted by adjusting the spring post 
A (refer to Fig. 27). Bending A to increase the armature -spring 
tension will increase the closing voltage, and deci'easing the spring tension 
will decrease the closing voltage. 

The generator commutator should he sanded before making voltage 
check. Oil or *‘guni'’ on the coiniiuitator will not affect tlie closing 
voltage of the relay points, hut niake.s it necessary for the generator to he 
driven at a faster rate of speed in order to [nodiice sufheient voltage to 
close the relay-contact points. Check the spring tension and seats of 
generator brushes . 

Correcting Reversed Polarity 

If the generator or battery is removed for any reason it is possible that 
the polarity of the generator may he reversed. Reversed generator 
])olarity will cause the cut-out relay jjoints to vibrate and burn. This 
condition can he corrected by momentarily connecting a short jumper 
lead from the Batt ” to the “ Qen terminals of the relay, after all lead 
connections have been made to the relay and before the engine is started. 
This should always be done when a generator has been removed and 
replaced. 

M.R.O. IV. — 14 
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Testing Procedure 

If the ammeter fails to show ‘‘ Charge ” v^ith the engine running and 
the generator turning over at charging speed, a very simple test can he 
made to shov if the trouble is in the cut-out relay. Take a short length 
of wire and connect it to the battery and to the generator terminals of the 
cut-out. If the ammeter then shows ‘‘ Charge ” the trouble is in the cut- 
out, and it should be replaced. Another simple test to determine if the 
generator is charging is to take a short piece of wire and touch it against 
the generator terminal of the cut-out and an earth. If the generator is 
charging there will be a flash when the wire is touched to earth. 

TABLE I 

CURRENT AND VOLTAGE REGULATOR TEST SPECIFICATIONS 


Voltage Regulator Air Gap -063 in. 

Current Regulator Air Gap *075 in. 

V. & C. Regulator Point Opening *020 in. 

V. & C. Regulator Contact Spring Tension 3*5 oz. 

V. & G. Regulator Fibre Bumper Clearance *010 in. 

Relay Air Gap *020 in. 

Relay Point Opening *020 in. 


Relay Points Open, with 0-4*0 amps, reverse current. 



CURRENT 

VOLTAGE REGULATOR 

Voltage Setting 

CUT-OUT 

Spec. 

REGULATOR 

[Closed Circuit) * 

RELAY 

Vo. 

Current Setting 



Points Close 


{Amps.) 

70° F. 

150° F 

[Volts) 70° E. 

1293 

26-28 

7.0-7-4 

6-95-7-15 

6*9-7-6 

1300 

20-23 

7‘5-7-95 

7*4-7 -ft 

6*9-7-6 

1401 

20-22 

7-0-7-4 

6-95-7-15 

6*9-7 -ft 

1404 

16-18 

14-2-15*0 

14* 1-1 4* 5 

12*8-14*4 

1411 

20-22 

7-0-7-4 

6-95-7-15 

6*9-7-6 

141ft 

24-26 

7-0-7-4 

6-95-7-15 

6 *9-7 -ft 

1418 

28-30 

7-5-7-9 

7-4-7 -6 

6*9-7 -ft 

1410 

24-26 

7-5-7-95 

7-4-7-a 

6-7-7-ft 

1420 

16-18 

14-2-15*0 

14*1-14-5 

12*3-13*7 

1421 

13 

7-5-7-95 

7*4-7 -ft 

6-4-7-1 

1422 

26-28 

7 ■0-7-4 

6-95-7-15 

6*3-6-9 

1427 

ll-5~13-5 

14-2-15*0 

14*1-14*5 

12-8~14*2 

1429 

19-21 

14-2-15*0 

14- 1-14-5 

12-8-14*2 

1430 

7-9 

14-2-15*0 

14-1-14-5 

12*3-13*7 

1431 

9-11 

14-2-15-0 

14*1-14*5 

12*3-13*7 

1432 

26-28 

7-5-7-9 

7* 4-7 -ft 

6*9-7*6 

1435 

24-26 

14-2-15*0 

14* 1-14-5 

12*3-13*7 

1436 

12-14 

14-2-15*0 

14* 1-14-5 

12*3-13*7 

1437 

24-28 

14-2-15*0 

14- 1-14-5 

12*3-13*7 

1441 

34-36 

7 -0-7-4 

6-95-7*15 

6*9-7 -ft 

1442 

34-36 

7 -0-7-4 

6-95-7-15 

6*3-6-9 

1443 

29-31 

7-0-7-4 

6-95-7-16 

6-9-7 -ft 

1444 

14-16 

14-2-15*0 i 

14*1-14-5 

12*3-13*7 


* Operate generator at speed 25% above speed at which it drst reaches rated output 
and adjust cuixent to 8-10 amps. 
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TABLE II 

VOLTAGE REGULATOR TEST SPECIFIOATIO:XS 


Regulator Air Gap *063 in. 

Regulator Poiat Opening *020 in. 

Regulator Contact Spring Tension 3*5 oz. 

Regulator Fibre Bumper Clearance *010 in. 

Relay Air Gap *020 in. 

Relay Point Opening *020 in. 


Relay Points Open with 0-4*0 amps, reverse current. 



REGULATOR 

Voltage Setting 

Points Close 
(VolU) 70° F. 

Sj)ec, 

No. 

[Closed a rant] 

* 

70’ F. 

150’ F. 



1294 . 

7*5-7’9 

7*4-7*6 

6- 9-7*6 

1406 . 

7*25-7*65 

7*2-7*4 

6* 9-7*6 

1409 . 

14*2-15*0 

14-1-14-5 

12*8-14*2 

1423 . 

i 6*95-7*45 

6*95-7*15 

6* 9-7*6 

1438 . 

i 14*2-15*0 

14* 1-1 4* 5 

12*4-13*6 

1439 . 

7*25-7*65 

7*2-7*4 

6* 2-6*9 

1445 . 

i 7-5-7*9 

7*4-7*t> 

6*3-6*9 

1449 . 

7 *3-7*6 

7 *25-7 *35 

6*2-6* 8 


*Operate generator at rated speed for maximum output and adjust current to 8-10 amps. 


SPECIAL NOTES ON EECrCLATOR PEPFORMAXCE AND CHECKS 

( 1) A regulator cannot increase the generator output beyond the generator’s designed 
maximum, since the function of the v^oltage regulator unit is to reduce the output \rhen the 
electrical circuit requirements are reduced and the battery is approaching a charged con- 
dition. The current regulator unit is a ctirrent limiting dev'iee, preventing the generator 
from exceeding its designed maximum. 

(2) The voltage regulator unit limits the voltage of the circuit, thus protecting the 
battery and the distributor points, lights, and other accessories from high v'oltage. 

(3) The current regulator unit is a protection to the generator, preventing it from ex- 
ceeding its maximum rated output. 

(4) Never set the current regulator above the maximum specified output of the genera- 
tor. 

(5) Many of the regulators are designed to be used \vith a positive earthed battery 
only, while others are designed to be used with a negative earthed battery’ oiily% Never 
attempt to use the wrong polarity regulator on an application. 
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t Voltage at 150° F. 
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TABLE IV 

CITEIIE]MT REC4rLATCR TEST SPECIFICATIOXS 
OUERENT REGULATOR U\TT 


Current Settimj 
•es) 

Spec. 

No. 

70 t\ F. 


12S1 . 
128(3 . 
1287 . 


* Generator delivers H( -2!2 amps, with 1 1-ainp. lamp iotnl. f Generator delivers 
1 1-1 3 amps, with 7-amp. lamp load. 

§ Generator delivers 1 4- hi amps, with 11 -amp. lamp load, J Generator delivers 10-12 
amps, with 7-aiiip. lamp load. 

CiiiTeiit regulator : air g-ap •(107 in., point opening 'Orlh in., gap between libre bumper 
and contact spi'ing stop ■01)8 in., contact spring tension 2*25 oz. Cut out relay: air gap 
*015 in., point opening '020 in., points cdose t3*75-7-25 volts, points open 0-3-0 amps, 
reverse current. 


TABLE V 

CUEEE:NT limit relay test SPlh'IFR'AridNS 


in., c'ontact point opening ’(12(1 in. 

, uiiniiuiitn 

spring tens it 


o uz . 






Loekvnt 

S lie ('. 

Sturt.'i 

iritfi 

Hiihls 

A’u. 

V Ihmiiw/ 

Ihmt Short 

0 jten 


{ d mp.s.) 

) 

{Amps.: 

(i2() 

Bo 

2-la 

... 

()2(.)-A 

do Bo 

*2—15 


l)20-B 

Bo-da 

5-22 


t)20-G 

d((-d3 

2-15 


(520-1) 

Ba 40 

*' 


(,)20-E 

d2 2(i 

2-15 


ILO-F 

Ba-to 

a -22 

25 :>n 

()2(j-G 

35 -4 U 

5 -22 

2s :{3 


* Btitli iiiiits. 
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SPECIAL JIOTBS OJV EEGULATOIt PERFOEMAMCE AND CHECKS—contmued 

(6) The majority of reported regulator troubles arise from dirty and oxidised contact 
poults, which cause a reduced generator output. Clean the contact points with a thin 
fine-cut contact file. If the points axe pitted, clean the pit with a spoon or ball-shaped file. 
NEVER USE EMERT CLOTH TO CLEAN CONTACT POINTS. 

(7) On the no-“ ION ” terminal ty'pe of voltage regulator, such as used on many of 
1939 cars, the relay voltage must he set below the regulator voltage or the relay 
will not close until high generator speed is reached, thus causing run-down batteries. Too 
low a setting will cause the relay points to vibrate and burn. Make sure the relay is set 
within the limits given in the specifications. This type of relay may be set either hot or cold. 

(8) The type of regulator which has an “ IGrN ” terminal should have the cut-out relay 
voltage setting made with the relay cold (70° F.). 

(9) Never attempt to set the voltage regulator unit on open circuit on the regulators, 
specifications for which are listed in Tables I and II. To do so will result in burned contact 
points, voltage regulator windings, and resistance units. With any of these conditions, 
check for an open circuit or excessive resistance in the car electrical charging circuit before 
reinstalling regulator. This type of regulator will operate with broken or open battery 
connections, without damage to the unit, as long as there is a connected light load of 
6 amperes or more. 

(10) On the type of regulator which has a rubber gasket, always replace the gasket 
upon reassembly, since this is a protection on the contact points, preventing dust and oil 
vapours from oxidising the contact points. 


INDEX TO TEST SPECIFICATIONS 


Model 

No, 

Spec. 

No. 

Model 

No. 

Sjf>ec. 

No, 

Model 

No. 

Spec. 

No. 

Model 

No. 

Spec. 

No. 

5539 , 

. 1227 

5595 . 

. 1405 

5827 . 

. 1294 

5860 . 

. 1445 

5540 . 

. 1242 

5596 . 

. 1411 

5828 . 

. 1422 

5861 . 

. 1418 

5541 . 

. 1281 

5597 . 

. 1293 

5829 . 

. 1430 

5862 . 

. 1449 

5542 . 

. 1242 

5598 . 

. 1294 

5830 . 

. 1296 

5863 . 

. 1408 

5548 . 

. 1286 

5599 . 

. 1293 

5831 . 

. 1432 

5864 . 

. 1433 

5544 . 

. 1242 

5600 . 

. 1406 

5832 . 

. 1432 

5865 . 

. 1443 

5545 . 

, 1287 

5800 . 

. 1408 

5833 . 

. 1433 

5866 . 

. 1438 

5546 . 

. 1242 

5801 . 

. 1404 

5834 . 

. 1289 

5867 . 

. 1418 

5548 . 

, 1242 

5802 . 

. 1409 

5835 . 

. 1294 

5868 . 

. 1433 

5549 . 

, 1242 

5803 . 

. 1406 

5836 . 

. 1435 

5869 . 

. 1433 

5550 . 

. 1242 

5804 . 

. 1410 

5837 . 

. 1435 

5870 . 

. 1449 

5551 . 

. 1242 

5805 . 

. 1242 

5838 . 

. 1289 

SM1719 

. 1289 

5554 . 

. 1242 

5806 . 

. 1420 

5839 . 

. 1296 

SM1739 

. 1242 

5555 . 

. 1242 

5807 . 

. 1294 

5840 , 

. 1436 

SM1780 

. 1404 

5556 . 

. 1242 

5808 . 

. 1294 

5841 . 

. 1437 

SM1891 

. 1421 

5557 . 

. 1294 

5809 . 

. 1416 

5842 . 

. 1437 

SM1957 

. 1431 

5558 . 

. 1242 

5810 . 

. 1416 

5843 . 

. 1438 

410-A . 

. 620-B 

5559 . 

. 1300 

5811 . 

. 1418 

5844 . 

. 1439 

410-B . 

. 620-A 

5560 . 

. 1289 

5812 . 

. 1 294 

5845 . 

. 1440 

410-C . 

. 620 

5681 . 

. 1242 

5813 . 

. 1419 

5846 . 

. 1427 

410-D . 

. 620 

5582 . 

. 1242 

5814 . 

. 1294 

5847 . 

. 1441 

410-E . 

. 620-A 

5583 . 

. 1296 

5815 . 

. 1423 

5848 . 

. 1441 

410-F . 

. 620-B 

5584 . 

. 1296 

5816 . 

. 1242 

5849 . 

. 1440 

410-a . 

. 620-B 

5585 . 

. 1297 

6817 . 

. 1294 

5850 . 

. 1242 

410-H . 

. 620-A 

5586 . 

. 1289 

5818 . 

. 1419 

5851 . 

. 1433 

410-J . 

. 620-B 

5587 . 

. 1401 

5819 . 

. 1422 

5852 . 

. 1442 

410.K . 

. 620-D 

5588 . 

, 1294 

5820 . 

. 1406 

5853 . 

. 1442 

410-L . 

. 620-B 

5589 . 

. 1405 

5821 . 

. 1424 

5854 . 

. 1443 

410-M . 

. 620- C 

5590 . 

. 1296 

5822 . 

. 1406 

5855 . 

. 1421 

410-N . 

. 620-D 

5591 . 

. 1294 

5823 . 

. 1420 

5856 . 

. 1444 

410-P . 

. 620-E 

5592 . 

. 1294 

5824 . 

. 1289 

5857 . 

. 1440 

410-S . 

. 620-E 

5593 . 

. 1296 

6825 . 

. 1427 

5858 . 

. 1445 

480-Z . 

. 620-F 

5594 . 

. 1405 

6826 . 

. 1429 

5859 . 

. 1446 





ENGINE TUNE-UP SERVICE AND 
EQUIPMENT 

By S. G. ilUISTBY, M.I.E.E., A.M.I.A.E., M.I.M.T. 

D uring recent years there lias been a considerable deyelopment in 
specialised equipment for testing engines and electrical equip- 
ment. Apart from the necessity for acquiring sufficient knowledge 
to operate this equipment, it is equally necessary properly to appreciate 
its purpose, because, with the availability of modern testing equipment, 
there has been evolved a more concise understanding of the real problem 
involved in servicing the modern car. 

When a car owner visits a garage or service station he does so because 
the •perjormance of the car is not satisfactory. He desires the performance 
to be restored. 

Engine Tune-up — ^What it Is 

The restoration of car performance has been described as engine 
tune-up. Tune-up does not mean tinkering-adjusting this and that 
until the engine “ seems ” to run better. Neither does it mean that the 
service mechanic has to be a motor engineer capable of working out a 
combination of valve clear- 
ances, point setting, and 
sparking-plug gaps to suit 
his own ideas. 

Tune-up means restor- 
ing the original standards 
of adjustment. These 
standard adjustments were 
originally made at the car 
factory. They were built 
into the car by the manufac- 
turer. They gave the car 
its original power, its speed, 
its acceleration, its 
economy. With normal 
wear the original adjust- 
ments have changed. 

Moving parts have] worn, 



Fig. 1 . — Complete ENTGivE TU\’E-rp EQi'iPiiENr in use 
{Crjjpton Equipment Ltd.) 
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terminals haYe become 
corroded, springs have 
weakened, and passages 
have become clogged. The 
more miles the car has been 
operated the greater the 
degree of change and the 
consequent falling off in 
performance. Engine 
tune-up is a method which 
permits the service 
mechanic firstly to find 
out by systematic tests 
the alterations which have 
taken place in the original 
standards of adjustment, 
and to restore these stand- 
ards by making such 
adjustments, fitting such 
replacements, or carrying 
out such repairs as the tests made prove to he necessary. Every service 
mechanic will appreciate that this method is much more satisfactory 
than the methods now so frequently used, which are in so many cases 
carried out in a haphazard way, and w^hich in any case only correct 
the more obvious troubles instead of systematically analysing all the 
causes of lost car performance, and the work required completely to 
bring back new-car ^performance. 

When a Tune-up is Required 

The starting-point for the first tune-up after the purchase of a new 
car may be taken at a mileage of 4,000, this being 3,000 miles after the 
driving period at wkich the standard warranty of the car manufacturer 
expires. 

It is expected that during the first 1,000 miles the ordinary ' minor 
adjustments necessary to a new car will have been made ; thereafter a 
tune-up should be applied every 3,000 miles. 

this mileage point— 4,000 after purchase or 3,000 after the previous 
tune-up — the car owner can be assured that new-car performance can be 
maintained. Although the distributor, carburettor, and other vital units 
of the ear will not have enough wear to require actual repairs or overhaul, 
the fine adjustments made at the factory will have altered with use and 
should be restored to their original standards. 

At mileages of approximately 10,000 it will become necessary to carry 
out more complete reconditioning of individual units such as dynamo, 
starter, distributor, fuel pump, and carburettor. 



Fig. 2. — TESTmo ignition con under variable 

SEEBD CONDITIONS 
{Crypton Fquijpm&nt Ltd.) 
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The Advantages of a Tune-up 

Complaints made by car ovners 
of petrol consumption, missing, 
sluggish engine, poor acceleration, 
hard starting are all indications that 
a tune-up is necessary. 

In recommending a tune-up for 
such complaints, the serWce mechanic 
should remember that the owner is 
entitled to know" what it is proposed 
to do to his car and why. The av'erage 
car owner will probably have some 
theory of his own as to why he is 
getting hard starting or poor mileage, 
and he e:xpects the mechanic to offer 
some separate or distinct remedy, 
such as cleaning sparking plugs,” 
or fit new contact-breaker points.” 

It should be explained, however, 
that the cause of poor performance is 
the gradual alteration of ail the 
standards of adjustment built into 
the engine, and that what you wish 
to do is to restore all these adjust- 
ments to their original settings, which may or may not involve new 
parts or reconditioning. 

No service mechanic can give a car owner any real service by accepting 
instructions to adjust carburettor,” “ clean plugs,” “ cleaiy contact- 
breaker points,” or similar individual johs. Regardless of wh# the 
owner thinks he needs done, what he really needs and expects is to have 
his car fixed or have its performance restored. 

The only satisfactory method of doing this is firstly by systematic 
examination to ascertain all the causes of lost performance, and what 
adjustments, repairs, or replacement parts are required to bring back the 
performance to normal. 

Apart from recommending a tune-up in cases of specific complaints 
such as those mentioned, it is in addition quite safe to recommend a tune- 
up in every case where a car has been driven 3,000 miles or more without 
having been tuned. The car owner may have no specific complaint, and 
more than likely will feel positive that there is nothing wrong with the 
car. That is because he has been driving the ear continuously and there- 
fore has not noticed the gradual decline in its performance. 

To such an owner tlie service mechanic is perfectly safe in advising 
tune-up with a definite promise of restoring the performance of the car in 
power, acceleration, and economy. 



Fig. 3. — Tuning the engute with the 

VACUUM GAUGE 

[Crypton Equipment Lid.) 
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Fi^. 4. — A Ceytptont engine tester 


The Technical Side of Engine 
Tune-up 

The above introduction mU 
help every service mechanic in 
studying the articles which follow 
in the form of a complete series, 
and which give the fullest informa- 
tion of how systematically to 
analyse the causes of lost car 
performance and to carry out such 
adjustments, repairs, or replace- 
ments as the tests made show to 
he necessary. 

' MODERN ENGINE TUNE-UP 
EQUIPMENT 

There has been developed 
during recent years a considerable 
variety of specialised apparatus 
for systematically testing engines 
and electrical equipment. This 
equipment can broadly be styled 
as engine tune-up equipment, 
since its proper function is to 
enable a tune-up to he easily 
performed. 

Tnne-np can be applied to the 
engine itself, to the electrical or 
fuel systems, to the shock ab- 
sorbers, or to any other mechanical 
or electrical operation on the car, 
because it means in every case 
restoring the original standards of 
adjustment. 


This includes vacuum gauge for measuring 

engine vacuum, a compression gauge for Types of Engine Tune-Up 
measuring cylinder compression, voltmeter Eduioment 
and ammeter, and various devices for igaition ^ ^ 

testing. {Crypton Equipment Ltd.) Types of engine tune-up equip- 

ment as met with under average 
conditions in English motor-trade practice are represented by such equip- 
ment as the Crypton engine test and engine analysers, the Ford 
laboratory test set, Stromberg motor -scope, and the Potter analyser. 

The service mechanic is apt to get somewhat confused because of the 
wide differences that at first sight seem to exist between the various types 
of equipment available. It should be recognised, however, that basically 
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all these Tarious items of equipment are the same. Tliev each consist 
of a number of standard instruments assembled in varying forms to pro- 
vide an impressive and complete means of making media ideal and elec- 
trical tests of the car. 


Briefly, all the various makes of equipment are made up of the folloiv- 



ing instruments : 

A vacuum gauge for measuring engine vaeiuiiii. 

A compression 
gauge for measuring 
cylinder compression. 

A pressure gauge 
for fuel -pump testing. 

A voltmeter for 
electrical testing. 

An ammeter for 
electrical testing. 

A sparkmeter for 
measuring sparking 
length of ignition 
high-tension systems. 

A condenser tester 
for measuring charge 
and discharge values 
of condensers. 

An ohmmeter 
giving a direct reading 
in ohms of the re- 
sistance of wiring and 
electrical circuits. 

A motor -driven 
contact breaker, com- 
prising variable-speed 
motor with make- 
and -break for testing 
ignition coils under 
variable speed con- 
ditions , and giving 
facilities for high-ten- 
sion testing of moulded 
insulation parts. 

A dis tr ibu tor 
syncroscope for accu- 
rately and visually in- 
dicating the perfor- 
mance of distributors. 


Fig. 5. A SMALLER TESTER 

This iacludes a vacuum p:aiige, voltmeter, ammeter, and 
sparkmeter. [Crypton Equipment Ltd.) 
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Exhaust gas analysers for analysing the exhaust gas. 

Provided these various instruments are each properly understood, 
there will he no difficulty in operating any particular make of equipment, 
since all that is required is a knowledge of the exact methods used to 
comhine the various instruments and a knowledge of the switching opera- 
tions, since very often two or more separate instruments are used from 
the same pair of terminals by means of a change-over switch ; frequently 
multi-scale ammeters and voltmeters are used, a switch being provided 
for each individual scale. 

Later articles outline the following : 

(1) The theory and application of the different instruments which 
make up the various makes of test equipment available. 

(2) A systemc^tic method of rapidly checking over a car to ascertain 
the mechanical condition of the engine and the condition of the ignition, 
carhuration, and electrical systems. 

(3) A more complete analysis for checking valves, valve gear, piston 
rings, cylinders, carburettor, fuel pumps, plugs, ignition timing, ignition 
coils, condensers, dynamo, starter, distributor, wiring, accessories, etc. 



ENGINE TESTING WITH A YACl[U3r 

GAUGE 

By S. G. MUNDY, M.I.E.E., A.M.I.A.E.. M.I.M.T. 

P RACTICALLY every item of modern tune-up equipment incorpor- 
ates a vacuum gauge, and this is the most important single instru- 
ment fitted to the equipment. 

Portable vacuum gauges are also available and are becoming ex- 
tensively used. 

In order to obtain the most satisfactory results from vacuum-gauge 
tests and adjustments, it is necessary that the theory and application of 
the instrument should be understood. In the hands of an operator skilled 
in the use of the vacuum gauge it becomes an instrument of considerable 
utility, both in determining faulty engine condition, such as poor valves 
or valve gear, in adjusting ignition timing and carburettors, and for test- 
ing carburettors, fuel pumps, ignition and electrical equipment, etc. 
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I 4 -7 Ibs.sq'] 
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Fig, 2a. — The levels of the 

LIQUID IN EIG. 2 MAV BE 
REPRESENTED AS A PAIR 
OF SCALES WHICH ARE IN- 
BALANCE 

The weights a and b oa the 
scales represent the weights 
of the eolumus of air 
approximately 50 miles high. 


Fig. 2. — A GLASS U- 
TXJBE CONTAINING A 
LIQ-UID 

Note that the liquid 
levels are the same. 


1 4 •? Ibs.sq* 



Fig, 8. — Tee effect of 

APPLYING AN ADDI- 
TIONAL PRESSURE OF 
5 LB. PER SQUARE IN. 
TO ONE SIDE OF THE 
TUBE 


The Vacuum Gauge 

As its name implies, the vacuum gauge is for the purpose of measuring 
Yacuum. We are all familiar "wnth vacuum in one form of application 
or another, and doubtless look upon it as being some form of space which 
is devoid of air, or else as a form of suction. This interpretation is, how- 
ever, incorrect ; vacuum ” is actually “pressure ” (the exact opposite 
of what it is usually assumed to he), and better to understand the position 
it is advisable to consider pressures a little more fully. 

The most common pressure with which we are familiar, and to which 
most reference is made, is “ atmospheric ” pressure. The air which we 
breathe, and which surrounds this world, does not extend indefinitely 
into space, but terminates somewhere between 100 to 200 miles above the 
earth’s surface. Air has weight, thus the greater the thickness of a given 
layer of air or the greater the height of the air, the greater will he its 
weight. 

Atmospheric pressure is taken as being the weight of a column 
of air approximately 50 miles high and 1 sq. in. in cross-section. 
The mean average weight of such a column is assessed at 14-7 lb., and 
atmospheric pressure is, therefore, spoken of as being 14-7 lb. per square 
inch. 

Tig. 2 shows a glass U-tube containing a liquid. The two ends of the 
tube are open, and there will, therefore, be a pressure of 14'7 lb. per square 
inch on the liquid in each side of the tube. In consequence, the levels on 
each side of the tube will be the same. This is analogous to a pair of 
scales which are in balance, as shown in Tig. 2a. 

Tig. 3 show^s the effect of applying a pressure of 5 lb. per square inch 
to one side of the tube. The level of the liquid will be forced downwards 
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Fi^. 4. — The co^jditions in 
FIG. 3, EBPKESENTED BY A 
PAIB OF SCA.LBS 



?ig, 5. — The same effect 

AS IN FIG. 4 CAN BE OB- 
TAINED BY HEHOVING 
NVEIGHT FROM ONE SIDE OF 
THE SCALES (SEB FIG. 6) 


on tlie side to whicli tlie pressure is applied, and upwards on tlie opposite 
side. The actual pressures to which the liquid is subjected wiU be — 

Atmospheric pressure on side “ a ” of the tube. 

Atmospheric pressure + 5 Ih. per square inch on side " b of the tube. 

Again we see the ana.logy of the “ balance ” method as illustrated in 
Fig. 4, where an additional 5 lb. weight has been added to one side of 
the scale, causing this to drop and the other side proportionately to 
increase. 

A moment’s thought will show that the addition of extra pressure on 
side b ” of the pair of scales is not the only method b}" which this side 
may be made to go down. The same effect would be experienced if we 
removed some of the weight from side ‘‘ a ” of the scales., as shown in Fig. 
5. By removing 5 Ih. from side ‘‘ a ” instead of adding 5 lb. to side b,” 
we are getting the same results as were shown in Fig. 4. 

Fig. 6 shows the apphcation of this method to the liquid in the U-tube. 
An exhaust pump has heen connected to side a ” and the pressure re- 
duced by 5 Ih. per square inch, which will cause the levels of the liquid 
to become the same as shown in Fig. 3. 

Commercial Measurement of Vacuum 

The standard laboratory -type instrument 
for the measurement of vacuum consists of a 
U-tube which contains mercury. The “unit” 
of vacuum is the inch ” of mercury, wdiich 
• is equivalent to 0-49 lb. per square inch. 

The number of inches of mercury is 
determined by taking a direct linear measure 
of the difference between the levels in the tube. 

Fig. 7 shows a mercury column registering 
1 8 in. of vacuum. It Avill be known that there 
is no such thing as a perfect vacuum, since 
it is impossible to construct a container that 
can he completely exhausted, or the necessary 
exhaust pump to do it. There must always 


lbs sq** 



Fit/. C.— The leyees of the 

LIQLTID BROUGHr TO THE 
SAME POSITION .\S IN FIG. $ 


ONE SIDE OF THE 
BY 5 IB. PER SQ. 
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lie a small quantity of air present in any vaennni, and thus there must 
always be a small pressure existing. This pressure can readily be 
determined. In the example, as illustrated in Eig. 7, the calculations 
■would be as folloAvs : 

Since 1 in. mercury = 0-49 lb. per square inch, then — 

18 in. mercury =0-49 X 18 = 8*82 lb. per square inch, which is 
the amount by which the atmospheric pres- 
sure has been reduced. Subtracting this 
from atmospheric pressure gives 14-7 — 
8*82 = 5*88 lb. per square inch, which is the 
actual pressure on the mercury in side ‘‘ a ” 
of the tube. 

This shows, therefore, that a vacuum is really a pressure, but in order 
to distinguish it from normal pressures it is termed a negatim pressure, 
meaning that it is lower than atmospheric pressure. Pressures abore 
atmospheric pressure are termed positive pressures. 

In considering these facts, and , in making use of the vacuum gauge, it 
should be noted that where measurements are taken at considerable alti- 
tudes above sea-level it hecomes necessary to allow for the reduction in 
atmospheric pressure due to altitude. The gauge reads by approxi- 
mately 1 in. for each 1 ,000 ft. above mean sea-level. 

Connecting the Vacuum Gauge for Engine Tuning and Testing 

Eor the purpose of engine timing, and the location of faults resulting 
in poor engine performance, an accurate vacuum gauge with a clear scale 
reading should he used and connected to the induction manifold. The 
point at which the connection is made should be as close to the throttle 
as possible, in order that the whole of the air stream passing into the engine 
may pass the point of vacuum -gauge connection. 

In the case of engines having an existing 
connection already provided for the operation 
of windscreen wipers, ignition adyance or retard 
units, or lubrication equipment, it is frequently 
possible to utilise this connection. Care must, 
however, be exercised, since in some ignition 
units, for example, the point of entry is on the 
carburettor side of the throttle ; also the dis- 
connection of the unit may in some way interfere 
with the performance of the engine. 

Where no point of entry t^o the induction 
manifold exists, it becomes necessary to drill the 
manifold at the correct point with a ETo. 30 drill, 
the hole being then tapped 3BA and plugged 
after use with a 3B A screw . 


14-7 lbs sq. 
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It has been queried from time 
to time whether this operation 
is ill any way detrimental to 
the engine. It is not — and 
there is no need to remoTe the 
manifold for drilling ; it is quite 
sufficient merely to cover both 
tlie drill and tap with thick grease 
in order to remove the majority 
of drillings. Manifolds are of 
two types — cast iron and alu- 
minium ; with the former the 
drillings are of granular struc- 
ture, and in the event of any of 
them entering the engine the 
first explosion wdiich occurs in 
tlie cylinder would result in the granules being carbonised. In the ease of 
aluminium, the drillings come off in the form of turnings, and the final 
turning, made as the drill goes through, invariably turns back inside the 
manifold in the form of swarf. 

Another factor often overlooked in considering drilling the induction 
manifold, is the fact that there is only one possible point where trouble 
could arise due to the ingress of drilling particles. This is that they may 
be trapped between the valve and the valve seat, thus allowing leakage at 
this point. Fortunately, however, one of the uses of the vacuum gauge 
is to locate valve leakage, and in the event of such an occurrence the sub- 
sequent behaviour of the gauge will indicate Avhat has happened. 
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TO 

carburettor 

Fi(j, S. — Position' or conn'ectiox of v^aci om 

GAXTGE TO BALA^fCE PIPE OF IKDVCTION 
M^OriFOLD OF CAE FITTED WITH TWO CAR- 
BU BETTORS 


Drilling for Dual and Triple Carburettors 


AVitlidual carburation systems 
unless a balance-pipe is fitted ; 
iu this case the vaciiimi gauge 
may be connected to the centre 
point of the balance as illus- 
trated in Fig. 8. 

With triple carburettors it is 
usually sufficient to drill the 
centre c-arburettor. as illustrated 
ill Fig. 1), although it may some- 
times be found necessary to drill 
all three carburettors, lii tlie 
case of triple units which do not 
offer a ready means of drilling 
the centre unit, and provid- 
ing balance- pipes are fitted, the 

M.R.O. IV. 15 


is necessary to drill both carburettors 

TO 
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TO drill 

CARBURETTOR HERE 

FUj. 0.- LEsTAE OF ( ONNKrTlONT 

OB’ VAi'i r.M OAri;K \vhb:kk threk «\ar- 
m’RETTOUS aim: fittkd 
All alternative is trhowii. iu Ki^. In. 
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TO 

engine: 




centres of both pipes 
should he drilled and 
the points of 

connection joined 
together and to the 
va-cuuin gauge by 
means of a Y ’’-piece, 
as illustrated in Fig. 
10 . 


TO GAUGE 

f. 


TO 

drill hole 

10. — An ALTBRNAnVE METHOD Of VACUUM GAUCSK 
CO^^NECTION TOR TBIPEE CARBURETTOBS 

The two points of connection are eonnected together 
and to the gauge by means of a Y piece. 


TO CARBURETTOR ' ^ The Theory of Operatioa 

TO carburettor J I Vacuum Gauge 

when used for Engine 
^ TO Tuning and Testing 

drillhole 

in order correctly to 

Fig. 10.— An ALTBRNAnvE method Of VACUUM GAUOB Tntprnrpt thp hebflwinnr- 

co^^NECTioN TOR TBiPEE cARBURETTOBs iiiberpieL tne Deiiaviout 

The two points of connection are eonnected together ^ t le ^ 'VacUTlin gauge 
and to the gauge by means of a Y piece. lor tuning and testing 

engines, it is necessary 

to have a clear understanding of this theory of operation. 

The basis upon which the vacuum gauge operates is best understood 
by considering Fig. 11, where “ a ” is the vacuum gauge, “ b ” a tanh, 
c ” an exhaust pump, and ‘‘ d ” a valve controlling the ingress of air 
into the tank. 

We will assume firstly that the valve “ d ” is half open and the puiii]) 
c ” is running at a medium speed ; a certain reading will be recorded 
on the vacuum gauge. If, now, the valv^e "‘d” be opened further, the 
additional ingress of air into the tank will, providing the pum[> remains 
running at the same speed, result in a fall in the vacuum-gauge reading. 
The same result would have been juoduced had the valve “d ” been 

left in its original 
position, and the 
( y speed of the pump 

reduced. 

Il j d If, on the other 

^ vf liaiid, we reduced the 

^ ingress of air into the 

L_ tank by partly closing 

the valve “ d or by in- 

I I creasing the speed of 

the p)uni]) ‘ ‘ e a 
higher vacuum reading 

Fig. .1 J JlILI.S’TRATI NC! I’HE t)fBI{ATl<.)N Ob' 'I’H K VAOlMr M W l-l 1 cl ll cl V 0 b C 6 11 
GAUCiB WHEN USED ROB ENOINB I’CNIND AND TESTIND 
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Let us now consider 11 as representing a ear enjiine where “ }> 
becomes the induction manifold, ‘‘e the engine itself, aiifi “d*' the 
throttle. Two major differences ^vill immediately l)e observed. Firstly, 
the vacuum in the manifold “ b Avill not be that due to a .single cylinder. 
Secondly, the air-ingress ralwe becomes the throttle and controls the 
speed of the engine, i.e. the speed of the pumping. Tims, by opening 
“ d,” not only is more air admitted to the manifold, but there is an increase 
in the rate at which the air is extracted. 

It will, however, he found that a reading can always be obtained on the 
gauge irrespective of the position of the throttle. This enables us to 
apply the gauge at any speed of the engine, it being necessary only to set 
the throttle to the speed required and leave it set in that position. 

Engine Tuning 

The engine depends for its efficiency upon the completeness of combus- 
tion of the fuel supplied to it. This is the' condition which the vacuum 
gauge must indicate if it is used for tuning the engine. 

Let us revert to Fig. 11, and assume the engine is set at fast idling 
speed a.nd that the gauge show's half-scale deflection. The effect of any 
adjustment made to the carburation system ivhieh results in a better 
mixture being obtained means — firstly, that more of the fuel being taken 
in by the engine is being used, and there is, therefore, less direct wastage ; 
secondly, that more power is being developed from the fuel, in conse- 
quence of which the pistons receive greater impulses wdien on the power 
stmke, Mnce mcreasing the engine speed, despite the fact that the throttle has 
Tiot been readjusted. This increased speed or pumping action gives a 
higher vacuum-gauge reading. Thus, in order to tune ain' engine, it is 
necessary only to set the throttle and fix it in one position, and then carry 
out adjustments of the mixture until the highest steady vacuum reading 
is obtained. 

The same considerations apply in ignition setting. The ignition is 
advanced or retarded until the spark takes jfiace at the position which 
will result in the most complete combustion, giving the maximum power 
stroke ; thus, the maximum speed, the maximum " pumping action," and 
the maximum vacuum reading. 

The effect of a mixture that is too rich or too lean, or an ignition setting 
that is too far advanced or too far retarded, will be a hilling off in the gauge 
reading. There is only one o])tiinum position, and that will correspond 
to the point of most complete combustion efficiency, when ma.ximimi 
powder, speed, acceleration, and fuel economy are assured, all these con- 
ditions being represented by the highest steady vacuum reading it is 
po.ssihle to obtain. 

Checking Mechanical Condition with the Vacuum Gauge 

Apart from tlie use of the vacuum gauge in tuning engines wlic^re we 
adjust ignition and carburation, as described, to obtain maximum steady 
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vaciiiiiii reading, it is also possible to use the gauge to determine vdi ether 
the engine is in a satisfactory mechanical 0])erating condition. 

The gauge is connected to the induction manifold, as previously de- 
scribed, but it is operated on the starter. The engine now operates directly 
as a vacuum pump. The vacuum gauge will indicate the “ pumping 
efficiency ” of each cylinder. The reading will vary with the position of the 
pistons — in other words, it will be proportional to the compression ratio. 

In making this test we are concerned with getting an indication of 
any abnormal leaks in the engine, i.e. leaks past valves or piston rings. 
Eirst of all we completely close the carburettor butterfly. Any other 
source of air leak into the induction system then becomes illegitimate 
(excluding certain cases where the design of the engine allows of leaks, such 
as drain pipes). 

The vacuum reading which wall he obtained will depend upon tempera- 
ture, the compression ratio of the engine, and the eKistence of any illegi- 
timate air leaks which may exist. The temperature can be rendered more 
or less constant if we test all engines hot. The compression ratio is known. 
We are therefore left with the unknown quantity of air leaks for any 
given speed. 

If we were testing a single cylinder, the vacuum gauge would, when 
the suction stroke had ceased, drop to zero. In testing a multi-cylinder, 
however, we have another suction stroke which commences as the first is 
finishing. The vacuum reading whll, therefore, be maintained constant 
if the suction force of the second cylinder and of succeeding cylinders is 
equal to the first. Therefore, when testing a multi- cylinder engine turned 
over by the starter, the vacuum needle can remain steady only if the 
successive suction strokes are equal, that is if all cylinders are uniform in 
their absence from illegitimate air leaks. If we had such an illegitimate 
air leak in the induction manifold, it would be common to all cylinders. 
Therefore the vacuum reading would be lower than normal, hut wmuld 
remain steady. If, however, any one or more cylinders had leaky valves, 
then the effect of this leak w^ould he apparent only when the suction of 
that particular cylinder or cylinders was being measured ; the result w'ould 
be a momentary drop in vacuum — in other words, an irregular reading, 

In using the vacuum gauge in this way, therefore, we are able to get an 
indication botli of valve troubles which will cause an irregular reading, 
and air leaks in the induction system which will cause a low and steady 
reading. 

DETECTING ENGINE FAULTS WITH THE USE OF THE VACUUM 

GAUGE 

In the hands of a skilled operator the vacuum gauge provides a reliable 
cand accurate method of diagnosing the engine for both mechanical faults 
and ignition and carburation troubles. The test should he carried out 
systematically, in the following order ; 
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Fif/.l'l . — Starter VA.CUUM Fig. 13. — ^^'ormae tacuum Fig. 14. — AvTOMAric: ab- 

VAA'CE A^’D RETARD 

VACUUM-GAUGE READINGS 
L Starter Vacuum Test (Fig. 12) 

The engine does not run for this test, but if is essential that if be hot. 

If tlie car is fitted with Startix, disconnect wdres so that the unit is 
inoperative. If the car is htted with auto-elect lic choke connected to the 
starting switch, this choke must be disconnected. Close the vacuum- 
gauge damper valve almost completely, and close the car throttle com- 
pletely (no choke). Then run the engine hy operating the starter for 
about 15 secs. If the vacuum-gauge reading is 15 in. or over, there is no 
leakage. If the reading is less than 15 in., check the inlet manifold and 
exhaust gaskets carefully. If there is no sign of a fault, loosen off the 
carburettor and insert a piece of cardboard or “liallite between the 
carburettor and the intake manifold and tighten up. Then make a fur- 
ther test by operating the starter. If the reading is slight ly higher than 
before, the carburettor is in order, but if there is a big increase it indicates 
carburettor leakage. If there is no increase at all, it indicates bad valve 
or manifold condition. It is wise to make the necessary adjustments 
before further checks are ]>TOceeded with. 

2, Check Engine Vacuum (Fig. 15) 

Having run the engine until it has reached nornial temperature, set 
the throttle at a speed equivalent to about K) in.p.h. Xote the reading 
on the gauge, A modern high- compression engine in good condition 
should give an average vacuum reading of lS-22 in. The readings will 
vary slightly with the niimher of eylinders, and will also be affected by 
altitude cis follows : 


Engme 

Sea-Uvcl to 
1,000 ft. 

1,000 to 
2,(Mlt)//. 

2,000 to 

3,0(»o to 
4,0(M> ft. 

4,O0«j to 

four c’x'linder.s 

Six cylinders 
Eight eylitiders 

1 8 to 20 

11) to 21 

20 to 22 

17 to 11) 

IS to 20 

19 to 21 

hi to 18 

17 to 19 

IS to 20 

ir» to 17 

Iti tu 18 

17 to 10 

1 4 to 1 ti 
17) to 1 7 
1 tj to 1 S 
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Low- compression engines may giv^e lower readings than the aboYe, 
say 15~18 in. When testing four -cylinder engines, pulsating readings 
may he experienced, but these pulsations can be damped down by using 
the damper yalwe on the engine test. This damper valve is not required 
for six, eight- and twelve-cylinder engines. 

On some test sets damper valves are not fitted, making it necessary to 
pinch the rubber hose in order to smooth out the pulsations. The pro- 
vision of a damper valve on the equipment is a valuable refinement of 
design, and a much more positive and easy method of obtaining smooth 
readings. 

The operator should not be confused if he finds the needle of the 
vacuum gauge going back and forth without indicating any definite con- 
dition — this simply means that troubles exist — probably a number of 
troubles which combine to give a peculiar reading. These troubles can 
be eliminated by further tests. 

3. Check for Balanced Running 

This test indicates the performance of each cylinder. For smooth 
running it is essential that every cylinder develops its full powers and is 
free from faults or irregularities. 

Short-circuit the sparking plug on each cylinder in turn with a screw- 
driver. Note very carefully the change in the vacuum reading. Each 
cylinder should give an equal drop in vacuum, which may he from in. to 
2 in. The actual value of the vacuum drop is not so important as seeing 
whether the drop is uniform. Any cylinder which gives a lowxr vacuum 
drop than normal is probably faulty. A compression test will assist in 
locating the trouble. 

If a very low droj) of, say, less than | in. is obtained on all cylinders, 
this should not he accepted as satisfactory. It suggests an inefficient 
engine. If the drop is, say, li- in. on three C3rliiiders, and only I in. on the 
fourth cylinder, then the latter cylinder is definitely faulty. The trouble 
may he due to — 

(1) A faulty plug. 

(2) Faulty piston or cylinder. 

(3) Fault}^ valves or valve gear. 

(4) Faulty ta})pet adjustment. 

(5) [^caking cylinder-head gaskets. 

(b) Plugs not screwed down. 

If there is a small drop on all cylinders, this may he due to — 

(1) Ignition trouble on high-tension side. 

(2) Faulty inlet nuiiiifuld. 

(3) Back pressure, i.e. choked silencer. 

(4) Leaky carburettor. 
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DETECTIN-G FAULTS WITH THE VACUUM GAUGE 


4. Automatic Advance and Retard (Fig. 14) 

This test is more satisfactorih/ made ivith a lahoraiorij syncroscope as 
ffted to corivjyhtp. engme analysers, but an approximab indication can be 
oh tamed with the. vacuum gauge, as follows : 

Rey. up the engine to a speed equiralerit to about 31^-40 tii.p.h. 
The vacuum needle reading should drop bach to a figure of about 4-5 in. 
Note the behaviour of the needle as it falls back. If the car is fitted ^^ith 
automatic advance and retard, when the automatic advanee operates 
there should be an iniprovement in engine performance. This iniproye- 
nient should be indicated by a momentary increase in the yaciiuni read- 
ing ; thus, if the operation of automatic advance and retard is satistaetory, 
the reading will commence to drop back, after a point will increase, and 
then will fall back to its lowest reading. 

5. Check Exhaust System (Fig. 15) 

This test can he made at the same time as the elieek for aiitoinatic 
advance and retard. The vaciiiini needle, as tlie engine is revved ii[), 
will have dropped bach to a low reading. When the throttle is released 
the needle sliould spring bach quickly. If the return of the needle is 
sluggish, it is an indication of a choked exhaust system, i.e. choked silencer 
or damaged exhaust pipe, and the exhaust system should be inspected 
and the fault corrected. 


6. Air Leaks in Intake System (Fig. 16) 

This test is made with the engine running at idling speed. The test 
(‘hecks for leaks in the intake system, e.g. the inlet nianitold gcisket, 
carburettor, carburettor gasket, Vctcuum windscreen wi[)ers. and tubing 
ignition control, auto-starting device , vacu uni brakes . etc. The existence 
of a leak will be indicated by a reading 3-S in. lower than normal and 
quite steady, but with a tendency to drop further, depending on the speed, 
the heat of the engine, and the amount of the leakage. 
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7. Leaky Cylinder-head Gasket (Fig. 17) 

This vill be indicated if the needle drops sharply from its maximum 
reading to 10 in. or lower and returns quickly to maximum. If the leak is 
between two adjacent cylinders, the drop will be much greater ; a more 
positive test of this fault is by the compression check (No. 7). 

8. Sticking Valves (Fig. 18) 

The vacuum-gauge reading will drop intermittently two to five divi- 
sions. Sticking valves can be distinguished from leaking valves, as with 
the former the drop is intermittent, since it occurs only when the valves 
stick. Some manufacturers advise reaming of valve guides to remove 
gum deposit, which may cause this trouble. 

The existence of sticking valves can be proved to the motorist 
by the application of a small quantity of penetrating oil. If this tempor- 
arily remedies the condition, it proves the need for valve reconditioning. 

9. Burned or Leaky Valves (Fig. 19) 

The vacunni -gauge reading will drop one or more inches from maxi- 
mum. If only one valve leaks, the drop will be slow and at regular inter- 
vals, as this valve attempts to close. If more than one valve is faulty, the 
action will be much more frequent. If valve clearance is not uniform, the 
condition wull be similar to burned valves. A reading below normal maxi- 
mum can also indicate tappets 'which are evenly adjusted but have 
clearance wLich is less than standard. 

10. Late Valve Timing (Fig. 20) 

The main indication of late valve timing is labouring of the engine and 
overheating. Late valve timing will result in a gauge leading fluctuat- 
ing between 5 in. and 10 in. 

11. Weak Valve Springs (Fig, 21) 

A positive indication of w^eak or broken valve springs will be given by 
the vacuum gauge. The speed of the engine should be steadily increa.sed 



Fig. 18. — Stichtnc^, talves Fiij. 19. — Leaka^ valves Fig. ^0. — Late yailve timing 
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SPRINGS 


DETECTING FAULTS WITH THE VACUUM GAUGE 

up to the highest speed at ^vhich it can he run Titliout a load. If the 
A^aciuim reading duotuates very rapidly between 10 in. and about '24. in., 
and the speed of the fluctuations increased with the speed of the engine, 
it is a definite indication of the existence of weak valve springs. 

12. Late Ignition. Timing (Fig. 22) 

If the vacuum-gauge needle remains 2-3 in. below normal and the 
needle is almost stationary with the spark fully advanced, and if the engine 
lahours, the ignition is late. The same condition can also indicate slightly 
late valve timing. To prove, check ignition timing as for Check iXo. 4. 

13. Leaky Piston Rings (Fig. 23) 

The compression check provides an indication of past on -ring leakage, 
but it is advisable to check this jioint Avhilst tlie vaeuiiin-gauge tests are 
being made. 

The engine should be mu at idling S[)ce(l and the throttle quickly 
opened to its full-open loosition, the engine being allowed to speed up to 
the highest piointat which it can safely run. Th* ikrottle ^shoidd he dosed 
quicklij, and if the reading ju in ] as iiniuediately to 5 in. or more above the 
normal idle vacuum reading, the ])iston rings are in good (.‘onditiou. A 
rise less than 5 in. will indicate loss of compres.sion . This may be due to a 
worn bore or leaking piston rings, but before condemning the rings or 
recommending any work a test should be made by the compression cheek. 

It is important to ajipreciate that the crankcase should he in good 
condition for this test, as a diluted or poor-cpiality oil will sometimes 
indicate loss of conpuession Avhich does not actually e.xist. 

14. General Ignition Tests (Fig. 24) 

Sparkplug gaps which ctre defective, or improperly spaced, contact- 
breaker points which are burned or incorrectly spaced, weak ignition 
coils, leaking ignition cables, or corroded distrilnitor ea[)s will oanse an 
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Fig . 24 . — Genehal igni- 
tion TEST 


excessive vibration or chattering of the vacuum- 
gauge needle at approximately 1 in. above or 
below normal. High voltage can also indirectly 
cause this trouble because of its effect upon 
ignition. In the hands of a skilled operator the 
vacuum gauge provides a guide to the possible 
existence of ignition troubles and assists him 
in judging the necessity for determination of 
the exact point of the ignition trouble, which 
can only be carried out by the ignition-test 
facilities provided by the equipment being 



CAR ELECTRICAL ACCESSORIES 

By JOHN L. P. PINKNEr, M.S,A.E.E. 

C AR electrical accessories are increased in number every year. 
Some are luxuries, Tliile others become useful essentials affording 
easier and safer driving. 

WIlfDSCREEN DEFROSTERS 

The windscreen defroster promotes safety during winter driving, as its 
purpose is to prevent siiow^ from freezing on to the windscreen. It is also 
a help to the screen wiper, since it allows the squeegee arm to ^\ipe away 
the snow’ with ease and so lessens the strain on this unit. 

Resistance Elements 

Most defrosters work on the same principle, that is, the heating of 
resistance wire hy passing a current through it from the car’s hattery. 
The heat dissipated from the resistance wire is allowed to warm up part 
of the windscreen so as to prevent snow sticking to it by freezing. 

Construction of Defroster 

One type consists of a metal box of about 1 ft. long by '1 in. wide and 
i in. thick, with one side open. Inside the box are st ret died two lengths 
of resistance wire, connected in series and insulated from the box. 

The voltage of the car's system determines the thickness of the wire 
used. This type of defroster is made to fit on to the bottom screen rail, 
so that the heat will rise up the windscreen. 



FilJ. l. AVlNnst’REEK 1 

The ^vin(is(‘^eell side of a defroster, showing: the two lengths of resist an co wire. The 
defroster is fixed to the screen by means of the two rubber sufki'i's. The two lengths ot 
resistance wire are in sei'ies when the switeh is on, anil when in the " oft pttsitioii t he serit*s 
eoiineetioii is opeii-cdrcuiteil. 
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BRASS 



Fig. 2. — This shows the hayoot of a depbostee, which 

SPAN'S THE FULL LBNOTH OF THE SCBEEN 
Each sliding switch selects from one to three elements on its 
half of the defroster. The switch bar has holes drilled through 
it. The number of holes showing coixesponcls to the number of 
elements switched on. Behind each switch bar is a small 
lamp which shines a light through the holes. A sheet of glas.s 
is fitted over the defroster to protect the elements and also to 
deflect the lieat on to the screen. The heavy weight of this 
defroster is supported by clamps in addition to niVdior suckers. 


A Larger-type 
Defroster 

model 

is made up from 
a light metal oblong 
frame of approxi- 
mately 1 ft. by 9 in. 
Across tlie frame, 
but insulated by 
mica sheets, are 
stretched four 
lengths of resist- 
ance wire of a 
thicker gauge than 
the previous type, 
since there is about 
twice the length 
used. All the four 
lengths of 'wire 
are connected in 
series. 

The frame is 
attached to the 
windscreen by 
means of four rub- 
ber suckers. 


Selector Switch 

A more rehiied type of defroster has a selector switch fitted in the 
framework so that one or more of the resistance wore lengths can be 
switched in or out of circuit. In this case, the wire used is of a liner 
gauge, so that each length is suitable for the Toltage of the aeciiinulator. 


Indicating Device 

An added improvement is an indicator, which tells at a glance the 
number of wire elements in circuit. This indicator is veiy siin |)le. The 
sliding switch is painted white, and drilled in the framework are four holes, 
so that if there are. sa\c two elements switched on, there will be two of the 
holes showing white. 


Precautions to be Taken 

It is iin])()rtant that the defroster is not switched on whilst the car is 
stationary, otherwise damage to thc^ vvindscrreeii may occur through over- 
heating, since there will be no cooling wind on the windscreen. It should 
therefore be connected in the ignition circuit, so tliat it cannot be left on 
by accident. 
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Glycerine to be Used 

If trouble is experienced by the falling o ff of tiie defroster or. for tiiat 
matter, any other component fixed by nieaiiji of rubber suckers, the 
trouble can be cured hx^ using glycerine instead of water for sticking the 
suckers, as glycerine ensures an airtight joint and it does not diy ii]) in 
the same xvay as -water. 

Burnt-out Resistances 

Since defrosters work at a low temperature, there is no possibility 
of the resistance wire burning out, but in time the wire becomes more or 
less brittle and, if roughly handled, it is likely to break. To repair the 
break by twisting the broken ends together is both unsightly and un- 
satisfactory. The best remedy is to replace the entire defroster or send 
it hack to the makers for repair, since to replace the resistance wire would 
require a knowledge of the grade of wire used, and this varies with different 
makers, although if this information can he obtained, it is a simple matter 
t o replace the old wire with new of the same gauge. 

Faulty Switch Contacts 

In the type of defroster having a selector switch, the tension of the 
wiping contact blade must be sufficient to maintain a good contact with 
the studs, otherwise these will become pitted by the sparking that would 
take place. 

Cleaning the Contacts 

These contacts should he cleaned occasionally if they are accessible 
by means of sandpaper or carburunduin cloth, but when they are in an 
out-of-the-way place, they should he cleaned by o))erating tlie sliding 
contact a few times. 


ELECTRIC CLOCKS 

A useful accessory for the dashboard is a (dock; but how often is it 
found in working order ? More often than not the main spring is cither 
run down or else it is broken. A clocdc wliieli requires no attention over- 
eoiiies most of these troubles, and such a clock can })e operated either by a 
se])arate dry battery or fi-om the c*ar's battery. 

Operation of Clock 

These clocks work by im])ulses given l>y means oi an cdcctromagnet. 
When two contacts come together, cuirrent passes through the winding 
of the electromagnet and draws up a soft -iron armature. Linked to the 
armature is a ratchet which gives a part rotation to a tootiied wheel 
wliich operates the hour and minute hands of the (‘lock. The armature 
is then pulled back by a spring, ready for its next upward niovemeiit. 
These movements take place at regular intervals of a few seconds. 
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Clock Circuit 

Needless to say, the circuit connecting the clock movement must be 
directly from the accumulator so that there is no possibility of having a 
switch in the circuit, otherwise the clock will show the wrong time. Such 
a connection can be obtained from the auxiliary fuses in the distribution 
box. 

Test for Current Supply 

If for any reason the clock refuses to operate, the first obvious test is 
to ascertain whether current is available up to the clock terminal and, if 
this is the case, then it will be necessary to remove the clock from the 
dashboard for a closer inspection. 

Cleanliness Essential 

Great care is necessary to make sure that dirt is kept away from the 
delicate internal mechanism, and for this reason the clock must not be 
opened out on the same bench as other components, such as dynamos 
and motors, are repaired. 

Probable Faults 

When the back of the clock is removed, the movement can be 
inspected and any obvious faults, such as a broken return spring, can be 
seen. The internal circuit is easily traced and can be tested out in the 
usual manner by means of a test-lamp or voltmeter. This test should 
verify whether the cii'cuit of the electro -magnet coils is complete. The 
smallest spot of dirt on the contact faces is enough to prevent current 
passing to the magnet coils, hut this trouble should not occur, since the 
movement is completely shrouded with the outer casing. 

Stiffness of Parts 

The drying up of the moving parts will impose enough friction to cause 
sluggish working or even to prevent the clock operating. This friction 
can be minimised by oiling the working parts . 

The parts working face to face should be very slightly oiled with watch, 
oil and not by any other, otherwise the trouble will be intensified. 
The oil sliould be applied by means of a sharp-pointed match-stick and 
not hy an oil- can. 


BATTERY CHARGERS 

Although trickle chargers are not fitted direct to cars, they can he 
classed as an accessory, and a vei 7 useful one. They are made to deliver 
an output of 1 ampere at either t or 12 volts, and are invariably of the 
metal-rectifier type. 
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The cliargei is fixed permanently to the wali of the garage, and a twin 
flexible lead connects the charger to a special non -reversible socket fitted 
on the car’s dashboard. The socket is connected to the positive and the 
negative accumulator terminals on the switchboard. 

An all-night charge at 1 ampere is sufficient to liven up tlie battery 
to such an extent as to ensure easy and certain starting in the morning. 

Do not Overload 

It is important not to overload the rectifier by charging a d-volt 
battery from the 12 -volt tapping of the charger, otherwise the heat de- 
veloped on the plates of the rectifier will destroy them in such a way that 
the output will be alternating current instead of direct current . Clenerally , 
there is a fixed resistance inside the charger to limit the output to 1 ampere 
when charging a 6-Tolt battery, and if the car is changed at any time to 
one having a 12- volt system, then it will be necessary to short out this 
resistance to obtain the 1 -ampere output. 

ELECTRIC CAR-WARMERS 

An electric car- warmer provides comfort for the driver and the pas- 
sengers of the car. 

If the heating current is taken from the car’s battery, the heavy dis- 
charge would soon exhaust it. The only practical proposition is to 
have a portable electric heater which can be connected to the electric 
supply in the home or garage, and when the heater is suficiently hot to 
transfer it to the ear. In this way, the stored-np heat is capable of supply- 
ing warmth fora considerable period. 

Hot-water Radiator 

A most satisfactory method of providing warmth to the interior of the 
car is hy utilising the heat that has been transferred from the car's 
engine to the water in the radiator. This is achieved witliout interfering 
with the efficiency of the cooling system of the car. 

Parallel Connected 

The way by which this is done is to fit a small radiator between the 
footboards and the windscreen and to connect the two ends of the radiator 
coil to the top and bottom of the car's radiator, that is, in parallel witli it. 

Electric Fan 

Fixed in the small radiator is an electric fan operated from the ear's 
accumulator, so that the heat surrounding the radiator coils is blown 
forward. 

The current taken by the fan is very small, being approximately one 
amp. A switch in the circuit controls the fan so that it can be switched 
off when the car is parked. 
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ELECTRIC CAR-HEATERS 

Electric car-heaters are also used to keep the engine and radiator \rarni 
during cold nights, to prevent freezing of the water, and to enable the 
engine to be started up in the morning with ease. 

Voltage of Heater 

Such heaters can be supplied to work off the car’s battery, and also 
from the electric supply up to 250 volts. 

When possible, it is preferable to use the high voltage, since the current 
consumed at 12 volts is about 4 amperes, and so great a discharge from 
the accumulator during the night would discharge it to such an extent 
as to make the starter -motor sluggish in the morning. 

These heaters are totally enclosed, to prevent any possibility of fire 
risks , and in the high-voltage type, the element is wound for a consumption 
of 100 watts. 

Hot-water Circulator 

A more elaborate type of heater is fixed in the water system and the 
heater connected to the electricity supply. The heat generated causes the 
water to circulate through the system. 

PREVENTING SCALE AND “FUR” IN COOLING SYSTEM 

It is well known that tap water leaves a deposit of fur in the water- 
cooling system, and if this becomes excessive the cooling action diminislies 
and the engine will run too hot. 

Soft Water 

One way to overcome tiiis is to use water which Jias l)een softened by 
passing it through chemicals, bnt this is not always possible, especially 
when filling up at the wayside. 

An Automatic Device 

The scale- and “ fur ' ’-funning properties of hard water can be over- 
come by the Beale Buoy automatic device, 
which consists of a glass bulb containing 
a small quantity of mercniry and inert 
gases. Wiieii tlie bull) is agitated in 
water small charges of stcitic electricity 
are jwoduced. The mineral salts in the 
water are ])ularised and f)re vented from 
depositing themselves as liard scale or fur. 
This device lias been applied sucuwssfiilly 
both to domestic and inclustrial hot-water 
and steam ])lants, and there is a smaller 
unit for use in the cooling systems of 
motor-cars. 



Fig. It — S talk Buoy dkvii’k 

FITTED IISU’U KADIATOR HOSE 

[Scale Buoys^ Ltd.) 
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Tlie sketch on 
page 24(1 (Fig. 3) 
shows the Scale 
Buoy fitted into 
the radiator coii- 
iiectiiighose. The 
motion of the car 
and the circnlation 
of the "water are 
sufficient to ensure 
that the polarising 
action is coii- 
tinxious. 

W hen the 

device is agitated jFig. 4. — Cigar lighter 

in the water, it This shows a t^pe which is automatically switched on by 
does not rid the inserting the cigar or cigarette. The cigar lifts up a metal trap 

Cfnimc. which then makes contact with a strip extension of otie end of 
^axer 01 ins SOlias. element. The other end of the element is connected to the 

The chalk and lime terminal seen, on the left, 
converted into 

another form does not leave a deposit on the sides of the water jacket but 
are kept circulating with the water. 

Solids left in System 

When evaporation takes place, it is only the water which evaporates 
and not the solids, so that in time a sludge will be left at the lowest point 
in the system. The amount of sludge will be so shght that there will be 
no necessity to remove it excepting after a very long period. If desired, 
it can be removed by opening the drain plug at the bottom of the radia- 
tor and swilling out the water system by means of a hose pipe. 

ELECTRIC CIGAR LIGHTERS 

Another luxury accessory is the electric cigar lighter, whieli enables 
the driver to indulge in a smoke with safety, as with this devdee only one 
hand is required for lighting the cigar or cigarette. 

Three Main Parts 

The lighter consists of three parts, namely : the base witli its pusli- 
hiittoii, the heating element, and the element holder. The base is lixed 
to the dashboard and is connected up to the accaimulator supply. The 
element holder is a moulding of bakelitc which is eiisily slip[>ed into 
the base. 

Tile element is a flat strip nickel -chrome resistamv spiral suitably 
insulated' between turns, and the element is screwed into the hollow* top 
of the holder. 

M.R.O. IW. — 15 
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Operation of Lighter 

A fev moments \vith tlie prish-kittoii jiressed is .sufficient to bring the 
resistance element to a red glow. The ])u.sli -button is then released and 
the holder with its element can be slipped out of tlie base and used for 
lighting -up purposes.. 

Size of Cable 

When fitting any of these accessories, it is important to use connecting 
cable of sufficient size to carry the current, otherwise voltage drop will 
prevent the component operating in its proper manner. Also, the use 
of too thin a cable will cause it to heat up, and this will soon perish the 
rubber. 

Burnt-out Element 

These lighters take approximately 8 amps, when switched on, and if 
left on for longer than necessary to bring the resistance element to a red 
glow, it will he burnt out. There is no remedy but to replace the element 
with a new one. This is simply a matter of removing the old element and 
fitting the new one in its place by means of a screw through its centre. 

Another type of element is fitted on a M.E.S. cap, which is screwed into 
the holder in the same way as a flash -lamp bulb. 

Some cigar lighters have a glass bull’s-eye in front of the element. 
As this gets dirty, the operator cannot gauge the intensity of the glow, 
hence burnt-out elements. The bull’s-eye is not easy to clean and is 
better removed. It is really a matter of gauging the time required to 
get hot enough, especially as the driver’s eyes should be on the road and 
not watching the lighter. 

Bad Contact 

When the “ wireless ” type of lighter is drop|)ed into its holder, the 
centre screw of the element makes contact with a brass strip on the holder, 
and in time this strip is bent too far hack and so prevent.s good contact 
being made. To ensure good contact being made between the two 
components, it is necessary at times to bend the strip forward. 



THE CARE AND REPAIR OF SUCTION- 
OPERATED FUEL-FEED TANKS 

By E, W. KNOTT, M.I..4.E. 

I N the British Isles, the best-known device of this type has been 
marketed for many years under the name “ x4utoTae/’ and in spite of 
the competition due to mechanical and electrical pumps, large numbers 
are still in use, particularly on commercial vehicles. 

On the Continent and in America, similar devices have been used, 
the main difference being that the Continental models invariably had 
much larger fuel-feed chambers, to avoid the drying-up of the fuel feed 
to the carburettor due to long spells of full throttle driving where the 
induction pipe suction was too low to lift the fuel from the tank to the 
inner chamber of the vacuum tank. 

The Autovac has already been briefly described under the section 
entitled ‘‘ Fuel Tumps, ” and this article proposes to go more closely into 
its repair and servicing. 

Provided the top filter gauze is periodically cleaned and the drain 
tap at the bottom of the tank opened, the Autovac should have many 
tens of thousands of miles quite trouble free. 

Stripping the Autovac 

There is no need to remove the complete instrument from the veliitde, 
as the essential parts come away comidete when the top Hange is loosened. 



Fig, 1. A PETROL-SITPPLY SYSTEM KM PUIY INC: 


SHnWX DIACRAMMATU’ALLY 
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To do this, undo the 
union nut of the main 
petrol-supply connection 
as well as the union nut 
of the induction-pipe 
connection, and spring 
the coned end of the pipes 
clear of the union elbows. 
Next undo the nut in the 
centre of the top cover 
and remove the three - 
eared clamping plate. It 
is always better to do 
this before removing the 
top cover. 

An adj ustahle spanner 
can then he used to grip 
the two elbows, and by 
giving them a slight twist 
they will be loosened in 
their coned sea tings and 
can be lifted out. If 
wished, the air vent plug 
can also be removed with 
a pair of pliers . All three 
should be cleaned with 
petrol, wiped dry, and 
put in a clean receptacle. 

Next take out all the round-headed screws on the top of the Autovac, 
and the cover complete with the float and valve mechanism can be lifted 
off. Between the outer chamber and the top cover is an airtight joint 
washer of the Langite type, and great care must be taken not to break it. 
If the cover has not been removed for some time, there may be a tendency 
for the lid to stick in such a way that part of the joint washer will stick 
to the lid and part to the outer chamber, and a thin knife blade must be 
used to ease the joint until the cover comes away. It is not necessary, 
in fact undesirable, to separate tlie joint completely from both faces unless 
it is proposed to fit a new one. 

Move the float up and down to see w'hetlier the change-over valve 
mechanism operates in a free and crisp fashion. If any pins are badly 
worn they should be replaced by new ones and the same applies to the 
valves, but they have an exceptionally long life. Wash free from all 
grit and check correct fit of valves by blowing into the induction-pipe 
connection boss whilst moving the float up and down for its full move- 
ment. With the float pushed up it should not he possible to blow air 
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past tlie valve except when the valve is 
pulled down. 

Open the drain tap at the bottom of 
the outer container. The amount of water, 
dirt, etc., which collects even in a short time 
is astonishing, and if the tap has been 
neglected for some weeks of running, it 
may be necessary to clear it with a piece 
of wire. The inner chamber also rests on 
an airtight joint, and similar precautions 
regarding its damage must be taken as 
wlien removing the top cover. The drop 
valve at the bottom of the inner chamber 
should be quite free in action, and with the inner chamber empty should 
rest lightly on its seat. If the valve face is dirty or corroded, it should 
be carefully scraped clean, as on the lit of this valve in its “closed"’ 
position depends the good action of the Auto vac. 

Filter 

When the main petrol connection elbow is removed, a conical gauze 
filter is exposed. This should be carefully lifted out and all dirt, fluff, 
etc., removed before replacing it. It is essential that the pointed end of 
the cone is on top, and it is advisable to clean this filter every three or 
four weeks. 

Replacing the Cover 

When replacing the cov'er, see that it is returned to its original 
position, i.e. with the air port corresponding with the hole leading to the 
outer chamber. This will also ensure that the elbows when replaced 'will 
be in correct relation to their respective pipes. 

Having screwed all the screws down evenly and tirmly, place the 
elbows and air vent in their cone seatings, push in the ends of the pi])es, 
and tighten up the union nuts finger tight. The clamping bar can then 
be rei)laced and its nut lightly tightened down. Each elbow and the air 
vent should then he given a tap with a light hamnier to fix it firinly in 
its seat. The clamping bar should then he properly tightened and finally 
both union nuts. 

The Autovac is now ready for use, but if the outer chamber is quite 
empty, it is necessary to get some petrol into it before the engine will 
continue to run, even if there is enough left in the carburettor float - 
chamber to start it. To save using a ])ossibly partly run-dovii battery, 
or the starting handle, it is advisable to put a teacLi[)ful of petrol in the 
outer eliaraber before putting on the toj) cover. If at any other time the 
Autovac runs dry, petrol can be poured into it after removing the elbow 
connected to the induction system, otherwise the Autovac can be ])rimed 



Fig. 3. — PllTER IN THE .VuTOVAC 
This will be found in the el haw 
of the Autov’ae that leads to the 
main petrol tank. Care rinist be 
taken to replace the iilter gauze 
as shown. 
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by Peeping the throttle tshut 
and turning the engine over a 
few times until suction has 
lifted enough petrol to hll the 
inner chamber to a height 
where the float operates the 
valve gear and the petrol passes 
to the outer feed chamher. It 
is important that periodic in- 
spection is made of the vent 
plug, the filter and the air vent 
in the main fuel supply tank, as 
well as the airtightness of the 
petrol and air lines and joints. 

The float is of special 
construction in that it has a 
drain hole so located that in the 
event of fuel finding its way 
jpig ^ 4, — The Autova.c mounted inside, the fuel is automatically 

DA.SHBOARD cxhaustcd when the valve gear 

'‘trips” to place the inner 

container in connection with the suction in the induction system. 

There is on the market a suction intensifier in the form of a small 
venturi- shaped injector device. Air is drawn through it by the connecting 
[)i])e to the induction system, the throat of the venturi being connected 
to the Auto vac. By this means, the suction on the Auto vac is maintained to 
a satisfactory extent, although long periods of full-throttle running exist. 
As this device gives a continuous air leak into the induction system, 
it may cause the idling speed of the engine to increase. The slow -running 
adjusting screw at the throttle will therefore require to be altered and 
possibly the mixture adjusting screw also. 




CAR- WASHING AND WATER 

RECLAMATION PLANT 

3 s 3 rose 



Fig. 1. — A moder:^ car-washiint. tloor 

Note tlie grill flooring, allowing both water and mud to drain away immediately. The 
water is used again after cleansing. The plant is deseribed in the following article. {Bp 
ctntiiesti of the Car Mart, Ltd.) 


I if the past the washing of cars has been regarded hy many as one of 
those necessary eyils, but it is now becoming increasingly realised 
tliat a thoroughly cleaned car after repair is the sure wav to increasing 
future business. 

To further this eiidseyeral different types of car-washing systems ha ye 
been eyolved, with the main object of producing the right results by the 
most economical methods. 

An Actual Plant 

Perhaps one of the most interesting of these systems is that installed 
by a large i^ondoii seryice station, which incorporates a most ingenious 
scheme for reclaiming all used water, thus allowing the same water to be 
used again and again with a yery tig reduction in operating costs. The 
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Fi(j. 2. — Tjje layout or tub pump aitd filter plaiit 
The filter tanks are on the right. The necessary power washing pressure is supplied 
by mean.s of the two electric motor-driven pumps on the left. 


actual wash itself incorporates all that is best in modern practice, and 
covers an area of 38 ft. by 50 ft., enabling at least six: cars to he cleaned 
at the same time without congestion. 

Lighting, Cleanliness, and Efficiency 

The surrounding w^alls are tiled to a height of 7 ft., thus allowing all 
cleaning to be carried out with the greatest of ease, which is so essential 
in these days when customers are inclined to associate, quite rightly, 
cleanliness with efficiency. Affixed to the walls, at a distance of 6 ft. 
apart and 3 ft. high, are large-powder lamps designed to throw the maxi- 
mum of light under the chassis, with the result that the operator has at all 
times a completely clear view^ of his wmrk. These lights, cou[)l 0 d witli 
large lamps spaced evenly overhead, enable car washing to be carried out 
always with the utmost efficiency. 

The Water Supply 

The power water supply is conveyed through Laycock overhead swing 
arms, which possess the advantage of allowing the hose to swing round to 
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any part of the car Avithout trailing on tlie iloor, at the same time ]»€r- 
iiiittingthe operators to literally hang the hoses up on theinselres by means 
of special fixings when not in use, and eoiisec(nent ly saving great wear 
and tear, which is so often present when hoses are simply laid on the 
ground whilst the car is sponged down. 

The necessary power-washing pressure is supplied hy means of two 
Niagara washers, one of each being conpled to three hoses", enabling either 
of the two hanks of hoses to be used according to the work on hand. In 
addition to the power wash there are also hoses supplied by gravity feed, 
and which are mainly used for sponging down, etc. 

Compressed-air Points 

There are also compressed-air points at accessible positions, so that 
they may be used as and when required, and although a comparatively 
small item, the installation of a small rubber-rollered mangle is of great 
assistance in wringing out leathers, etc. 

Drainage for Water and Mud 

The actual floor ” of the wash is covered by grill flooring, allowing 
both w'^ater and mud immediately to drain away, wfltli the result that the 
old trouble of sediment being trampled into the car carpets is entirely 
eliminated. Underneath the grill flooring is literal^ a shallow pit, 
roughly 1 ft. deep, which is gently graded from all parts to a common 
sump at one side of the wash. This sump is actually the first stage of the 
water reclamation, and is approximately 4 ft. long, 2 ft. wide, and 2 ft. 
6 in. deep, and is sectioned hy means of a fine-inesh slide partition into 
two compartments, one being approximately twice as large as the other. 

This section, when removed, allows for easy access and cleaning, and 
is primarily used for arresting the progress of the heavy sludge, which is 
removed from time to time by means of a special shalloAV' truck expressly 
designed for this purpose. 

Around the end of the sump which houses the small compartment 
a raised lip has been made, to prev^ent the possibility of heavy sediment 
entering this section. 

Dirty -water Sump 

Ey means of the shaped concrete floor, all water and sediment are 
directed into the larger compartment, which permits the water above to 
Alter into the smaller section through the mesh partition, the main sedi- 
ment then being trapped in the larger compartment. Erom the small 
compartment is taken a large suction-pipe, which delivers the dirty water 
into the actual cleaning plant. The operation of the pump controlling 
this suction-pipe is actuated hy a float-operated switcli, depending on the 
sum|) level to determine when it should come into operation. This [H>si- 
tion is pre-set and adjusted in such a manner that the sump will nev^r 
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overflow ; at tlie same time there will also be sufficient water to 
keep the mud, etc., present in a reasonably fluid condition, thus allowing 
for easy removal when necessary. 

It will thus he seen that an entirely automatic operation eovers the 
supply of dirty water to the reclamation plant. 

Cleansing Tanks 

After leaving the sump, the water is raised, by means of a pump cap- 
able of delivering dirty water, to a series of cleansing tanks which are so 
designed as gradually to remove more sediment as each stage is passed. 

In the first tank the heavier particles and mud, in addition to most of 
the oily water, are trapped in such a manner that they can be subsequent ly 
drawn off and disposed of, this operation being necessary approximately 
once per day, assuming that the wash is working to capacity all the time. 
From this tank the water passes into a mixing trough, w’here the addition 
of chemicals causes precipitation of the lighter sediment, which subse- 
quently discharges into the precipitation tank itself. Here the sludge 
formed by the combined action of the chemicals and dirt is allo\Ted to 
settle out. The water next flows on to a sand filter, which ensures that 
grit or particles of solid matter cannot pass , thus obviating any possibility 
of foreign elements percolating to the pressure pumps. After being fil- 
tered through the sand, the water discharges into the reserve tank, in turn 
being pumped up to the header tank from which the necessary supply is 
drawn by the washing pressure pumps. 

Naturally with such large quantities of sediment passing continually 
through the plant, care must be taken to see that regular inspection and 
cleaning are carried out according to conditions present. 

Using the Water Over Again 

The water so cleaned, whilst not presenting such a clear ap)pearaiioe 
as fresh tap-water, is in every way equivalent where the washing of 
cars is concerned. 

Thus it will be seen that a complete cycle has now been achieved, 
the water exuded hy the pressure hoses draining back to the sump and 
being reclaimed for further use. 

The whole action of the reclamation plant is entirely automatic, all 
different cleansing operations being completely controlled by the tiow of 
water passing through the system. The plant tlius shows a great saving 
in w^ater consumption, the same water being used continually with only a 
very small quantity of other water being needed as a make-up for small 
losses which are unavoidable. 

This hict is very interesting when it is realised that literally thousands 
of gallons of water are actually wasted every day by innunieralde 
concerns engaged in the washing of cars. 

As a matter of interest, one well-known service station in London tirst 
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installed this system to combat the restrictions imposed by the Water 
Board during the drought of 1934, and subsequently showed such a 
considerable saving in operating costs that the plant was placed into 
permanent commission. 

Costs of Installation and Running 

The cost of installation of this plant is in the region of £750, inclusive 
of the power washers, swing arms, lighting, grill flooring, etc. As the 
depreciation of the equipment is practically nil, coupled with the fact that 
it is possible to deal with 8-10 cars if necessary per hour, the initial outlay 
is not quite so high as perhaps might at first be assumed. 

Does Car- washing Pay ? 

Doubts are sometimes expressed as to whether car- washing pays. 
That it does not pay is to a certain extent true where the washing of cars 
is spread over a low number during the whole day, but in a concern where 
the flow of car-washing is practically continuous, the financial results 
obtained are definitely satisfactory. 

Apart from the very definite psychological effect on customers who 
naturally become interested in this system on sight, there is a very definite 
saving on costs where the water supply is not dependent directly on the 
rateable value of the property. 

Whilst in the main the majority of large garages using water supplies 
for car- washing are only charged on the rateable value of the property, 
it is possible that with the increasing use of water for car-washing 
purposes, in due course the authorities responsible may consider charging 
on a gallonage basis over and above a certain amount, and we believe 
certain provincial authorities already adopt tliis method. 



AUTOMATIC IGNITION TIMING 

E. X. LAWSON HELME 


T he deyelopmeiit of full engine power and the maintenance of 
maximum efficiency at all speeds and loads depend to a great 
extent on accurate ignition timing according to the conditions 
of the moment. As the conditions constantly change, it is essential that 
the timing should vary in unison, the ideal sought after being the main- 
tenance of the fullest degree of advance the engine will stand without 
pinking, labouring, or hackire when starting. 

Type of Petrol in Use and Ignition Timing 

The type of petrol in use also has a bearing on ignition timing, as some 
fuels have a different flame rate,” which means that at the instant of 
spark and primary ignition, a fraction of time is required for the flame to 
spread from the vicinity of the spark to the whole compressed body of 
gas in the cylinder head before expansion takes place and resulting pres- 
sure on piston develops the power stroke. This fraction of time is almost 
immeasurably small, except in comparison with piston speed, when a 


Fig. 1 (below). — Construction^ of 

MA^NUAL ADVA.N-CE CONTROL FOE 
COIL lONITION DISTRIBUTOR 


DISTRIBUTOR 

BODY 


BRACKET 


COIL SPRING 
/ 

washer 




CLAMP 

SCREW 


TIMING LEVER 




SHOULDER 
ON STAND 


SLOT FOR FIXING 
STUD 


ENGINE 

CASTING 


Fitj. I A («6ore 

FlXl'N'G STl l) lIOUN'TlNAi 
FOR >IA^'UALLY CON' - 
TROLLED TIMING 
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tion liy means of a light 
spring and washer, wTiiist 
allowing the whole as- 
sembly to move within 
the limits of the stop. 
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Fig. 2a. [above ). — P 
VIEW OP ATTTO-AD- 
VAN-CEl ACTIOI^ 

Showing positions of 
the two control springs. 


Fig. 2 [lejt). — Details of 

CONSTBUCTION OF AUTO- 


sparl^ timed to occur, say, | in. before the top of the compression stroke 
in a fast engine at full speed, makes all the difference between sluggishness 
and efficient power, the early timing allowing the fuel to ignite and reach 
expansion coincidental with the commencement of “firing” stroke. 
This accurate variation of timing is beyond the capacity of simple hand 
control, familiaronearly cars, and some form of automatic control — based 
on both engine speed and load — has now become largely standardised. 

Manual Variation of Timing 

Manual variation of timing of a coil ignition distributor is effected by 
movement of a bracket clamped to the barrel of the distributor body, the 
bracket having a lever extension ’which is linked to the hand control. 
A special form of fixing stud passes through a slot in the bracket, entering 
a tapped hole in the engine casting, and retains the bracket and distributor 
body in position by means of a light spring and washer, whilst allowing 
the whole assembly to move within the limits of the slot. Fig. 1 illu- 
strates the principles of construction. Eig. 1 a is a section of fixing-stud 
mounting. 

Centrifugal Automatic Tinier 

Automatic timing variation according to engine speed is controlled hy 
a system of centrifugal governing. Fig, "1 illustrates the details, of coil- 
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struction. The maia distributor spindle passes througli tlie barrel bush- 
ing into the upper body, where a circular baseplate is secured to and 
rotates with it. The upper end of the spindle is of smaller diameter and 
enters a steel sleeve integral with the cam, the lower end of tiie sleeve 
being secured to a cross-piece fitted with hardened pegs, as shown. Two 
pivot pins are riveted into the baseplate, and on each of these a lead 
flyweight with inset steel pivot bush is located. Each flyweight also 
carries a steel peg on which a toggle link is fitted. The peg is extended 
through to the underside and finished with a pounded head, so that it 
supports the weight and allows each weight to move easily about its pivot . 
The toggle links have each four holes. The centre hole is occupied by the 
pivot peg. The end hole receives one of the two hardened pegs of the 
sleeve cross-piece, and the remaining two small holes are for spring 
coupling, that nearest the spindle being used. 

The Avhole assembly, as seen in plan, is shown in Tig. 2a, which also 
illustrates the positions of the two control springs not shown in Fig. 1 . 
Each of these has one end connected to the toggle link, the other being 
hooked to the anchor pin on the flyweight-pivot bushing. Action of 
centrifugal control is as follows : 

Operation of Centrifugal Timer 

When starting and at low speed, the tension of the control springs keeps 
the flyweights in towards the centre, when the main spindle and cam- 
sleeve assembly rotate as one. Auto-timing of ignition is then in fully 
retarded position. Increase of speed or acceleration causes the flyweights 
to swing outwards on their pivots, the movement being transmitted via 
the toggle pegs to the toggle links. Arrows A in Fig. 2a show the direc- 
tion of flyweight movement, and arrows B indicate the resulting displace- 
ment of toggle links. These, being linked to the pegs of the cam-sleeve 
cross-piece, cannot move out bodily with the flyweights, hut turn about 
the centres of cross-piece pegs in the direction shown by arrows €. 

The toggle hnk, therefore, acts like a lever and expands the control 
spring attached to it, the restraining effect of which is imparted to tlie 
flyweight concerned. The lever effect of the toggle link moves the cross- 
piece peg towards the flyweight pivot, this movement being in the direc- 
tion of rotation DR.,” so that the position of the cam sleeve is ad- 
vanced relatively to the main spindle. 

Flyweight movement and cam adv'ance are therefore directly pro- 
portional, greater speed producing further timing advance. 

The Control Springs 

The control springs are the most important components of the wliole 
design, as they are the deciding factor in the perforinanc-e curve of any 
one type of distributor. In some models it will be found that one spring 
is of light wire and is under slight tension wiieii the nieciiaiiisin is at rest, 
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so that its restraint is applied from starting speed. The other spring is of 
heavier section and has a slotted hook attachment, the effect of which is to 
dela^ its action until the flyweights have moved a few degrees against 
light spring tension. The second spring has then taken up the slack ” 
in its coupling, and its restraining tension is added to that of the first. 
The result of this arrangement is that a steep curve of advance is imparted 
at rising speeds up to a certain maximnm, after which further increases in 
speed produce a more gradual advance of timing, due to the added 
restraint of both springs. 

Eliminating Stiffness in Control Mechanism 

Each type of distributor is fitted with control springs specially selected 
to suit the particular engine for which the distributor is intended, provid- 
ing a curve or speed-advance ratio to conform with the engine designer’s 
specification. Control springs are not interchangeable, and they should 
not be altered, reset, or tampered with in any way. The commonest 
cause of trouble in auto-advance mechanisms is stiffness, due to lack of 
lubrication. The sleeve-retaining screw, normally recessed in the cam 
head, has sufficient clearance to allow oil to pass to the sleeve bore and 
spindle extension, but if action is stiff and the engine shows signs of 
retarded ignition, the mechanism can be reached by removing distributor 
cap, H.T. rotor, retaining screws, and moulded contact-breaker base. 

Before removing the latter, note position of terminal relative to body. 
The flyweight action can be checked by gently prising the weights apart and 
outward with a pencil, noting that toggle links swing round and sleeve 
advances. When released, the action should immediately return to 
retarded position. Failure to do so should not be attributed to weak 
springs until friction has been eliminated. Take out sleeve-retaining 
screw (a felt oil-pad is sometimes fitted in the cam recess enclosing screw 
head), but before lifting off cam sleeve note position relative to baseplate 
or mark cross-piece and base to correspond. With sleeve removed, fly- 
weights, complete with toggle links and springs, can he lifted out. When 
all pivots, bushes, and wearing surfaces are clean and lubricated with 
light oil, assemble, seeing that pegs enter correct holes in toggles and that 
springs are hooked to inside ’’holes in toggles. The outside holes are 
provided for use in distributors of opposite rotation. 

Timing according to Engine Load 

A further development of automatic timing control provides for 
correction according to engine load, su 2 )plementing control according to 
speed, For examjjle, a car travelling at high touring speed may encoun- 
ter a gradient, the added load of wdiich will call for a greater throttle 
opening in order to maintain speed. The normal, fully -advanced timing 
due to automatic control will, however, remain proportional to speed, 
and the change in load may result in pre -ignition or pinking. 



AUTOMATIC lOISrmON TJiVIINO [voc. iv ] 

The inlet -mandf old 
\^acuum closely follows 
vaiiations in throttle 
and load; and is used 
as the basis of auto- 
matic load control of 
timing. 

The Vacuum-Control 
Unit 

Tig. 3 illustrates 
constructional prin- 
ciples of yacunm-control unit. A yacnnni chamber is conneGted 
via union and pipe-line to the inlet manifold. The two hanged faces 
formed by the vacuum chamber and bracket enclose a thin metallic 
diaphragm, sealing the chamber, and baying an operating rod rigidly 
secured to its centre. The bracket is mounted on the engine casting, 
and the control rod is attached to distributor timing leyer. The spring- 
iness of the diaphragm retains tbe moyement in a central position at 
rest. • 

Tig. 4 illustrates the vacuum unit as assembled on a supplementary 
distributor mounting. The clamp bracket is rigidly secured to distri- 
butor barrel, and has integral automatic timing lever to y'hich unit 
operating rod is attached. Unit is mounted on extension of fixing 
bracket, which also incorporates manual control lever and slot for fixing 
stud. Movement of manual timing lever therefore varies position of whole 
assembly within limits of fixing-stud slot, while movement of vacuum 

control varies position of clamp 
bracket relative to fixing bracket. 

The latest development of this 
type of control takes the form of a 
vacuum unit incorporated in the 
distributor body. The contact- 
breaker base is designed to move 
about spindle centre, and is linked 
to unit operating rod, so that the 
whole of automatic advance is 
effected without relative inoveiiient 
of distributor body and engine 
casting. This is a great improve- 
ment, weight and wearing surfaces 
being greatly reduced and sensi- 
tivity to slight load changes in- 
creased, with resulting closer follow- 
up of timing to load-speed changes. 

m;.r.o. IV. — 17 
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Operation of Automatic Load Control Vacuum 

The opexation of automatic load control vacuum is as follows : 

Wlien the engine is started and xumiing idle at small throttle opening, 
the induction vacuum is at its highest. Resulting depression in the unit 
vacuum chamber causes exterior air pressure to force the diaphragm 
inward, puUing with it the operating rod and moTing the distributor round 
against direction of rotation to advance timing. This ensures the maxi- 
mum safe early timing under idling or light-load conditions. If the 
throttle is opened very gradually under hght load, vacuum will remain 
almost unchanged, the engine being able to ^‘accept’’ fully advanced 
timing, with extra advance by speed control, without pinking. Sudden 
opening of the tlirobtle will cause a drop in induction vacuum, when engine 
speed cannot immediately increase in proportion, due to the load it is 
pulling. With fully advanced timing, this would cause pinking immedi- 
ately, but the fall in vacuum allows the unit diaphragm to return to its 
original position, instantaneously retarding timing in relation to the load. 
Similaxly, the progressive inerease of throttle opening, necessary to main- 
tain car speed up an incline, enables the vacuum unit to retard ignition 
in exact proportion to engine requirements. 

In some late American designs the diaphragm action is supplemented 
by a spring, the tension of which is adjustable hy a micrometer screw. 
The amount of delayed action imposed on vacuum control can, by this 
means, be accurately calibrated, to suit the grade of fuel in use or to 
compensate for carbonising and reduced engine efhciency. 

l^hth regard to the range of automatic advance, each distributor is 
set to its individual type of engine, the auto -advance varying from 15° 
to 40°. The average is about 15° to 25°. 



LMIPS AND SWITCHES 

By E. r. LAWSON HELME 


BULBS 

Filameiits 

F ilaments are usually in coiled form and placed to produce best 
results according to the purpose of the bulb. For iieadiainp use 
the filament is generally in straight-line or U shape, the resulting 
rays being reflected forward, and disposed in beam and spread forinatioii 
by the lens. Extra support is sometimes provided by a third member, 
'which secures the centre of the filament against sag or vibration, hut is 
not connected to the circuit electrically. 

Bifocal bulbs combine two separate filaments with a third (common) 
terminal support, this being connected to cap for return path to earth. 
Both filaments are usually '"V ” form, one bemg on the focal centre- 
line, and the other behind and below it, producing rays out of the focal 
centre, the resulting illumination being defocused and diffused to avoid 
dazzle (Fig. 1). 

The Lucas- Graves filament arrangement has twm filaments in line, 
one being shrouded hy a metal cup placed beneath it, so that all down- 
ward rays are intercepted and only the upward rays are reflected. This 
prevents upward glare and the resulting dazzle. 

Bulb Caps 

Bulb caps are now largely standardised in dimensions and types. 
Tig. 2 shows common patterns on British and American cars. 

The S.C.C. cap {A) is the most popular type, one filament lead being 
soldered to the centre contact pad and the other to the cap for earth - 
return circuit. The American version [B) has a longer barrel, and 
standard British caps will not interchange with it because of depth of 
holder and glohe contour. 

The S.B.C. [G] is the earlier form of cap, with two contact pads, 
each connected to one filament lead, no earth connection being made in 
single-filament bulbs. The same cap is used on 
bifocal and dual-filameiit bulbs, the latter having 
an additional filament of low wattage to provide 
parking ” light, seldom used now — in which 
cases the live feed to each filament is soldered 
to one of the two pads, the common (earth) 
lead being connected to the cap. 

The special Bosch B.C. cap [D) is connected in 
this way, the cap being larger than the S.B.C. Fhj. i. A hif. h ai. m \.n 


MAIN FILAMENT 
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Fig. 2. — Types of bulb cap commoit Bairisn antd Ameeican cahs 

A, S.C.C. cap. B, American S.C.C* cap. G, S.B.C. cap. JD, Bosch B.C. cap. E, 
M.E.S. cap. F, M.C.C. cap. O, festooii bi5b. 


and provided "witli flat projections of unlike widtli to engage the slots 
in the bulb holder. One projection being wider ensures that the bulb 
can he inserted onfy in the correct way. Other caps have pegs placed 1 80^ 
apart. 

The M.E.S. cap {E) has a single pad and earth return to cap, and is 
screwed into the holder. A miniature bayonet cap (M.O.C. type), 
shown in (jP), is used on panel lamps as an alternative to the M.E.S. 

The festoon bulb {0) has a tabular globe with a cap at each end to 
which ilament leads are soldered. 

LIGHTING- SWITCH CONTROL 

British lighting legislation compels the use of side and rear lamps 
at all times within lighting hours, whether headlamps are in use or not. 
Control is usually centralised in a single combination switch enabling 
side and rear alone, or side, rear, and headlamps to be used. Subsidiary 
control of headlamps — i.e. change-over from '' driving ” beam to 
dipped ” beam, or nearside reflector dipped with offside lamp switched 
off — is effected through the combination switch or an additional switch, 
with important differences in the circuit arrangement. In some cases 
headlamp control is effected entirely through a separate switch fed via 
the ‘‘ side -rear ” switch. 

Lucas S.L.C.l Switch 

Eig. 3 illustrates the Lucas S.L.C.l switch as wired to sides, rear, 
and a pair of bifocal headlamps. This switch is designed for fitting at 
the base of the steering column, operated by a handle on the wheel 
centre, a rod conveying motion through the hollow steering column to 
the switch action ; and has a rotary contact member with a transversely - 
grooved drum, two flat springs with curved ends falling into two opposite 
grooves simultaneously as the rotor is turned, providing a means of 
locating and holding the contact assembly in each lighting position. 






LAMPS AND SWITCHES 


[yol. iy.] 1^31. 


REAR LAMP 


The insulated base has a 
number of brass studs 
inserted flush with the 
surface, each being con- 
nected to a terminal outside 
the base, and the contact 
assembly comprises a set of 
springy brass fingers riyeted 
to an insulated ring secured 
to the drum. As the latter 
is turned, the fingers bridge 
the terminal studs in turn, 
the combinations provided 
being shown diagram- 
matically in Fig. 4. In 
off ” position all lamp 
leads are dead . In “ side ” 
position, side lamps and 
rear lamp are alight through 
terminal 8T being bridged 
to terminal A (battery feed 
via ammeter). In ‘^head ” 
position, sides, rear, and 

headlamps driving filaments are alight, all these studs being bridged 
to A. In ‘Mip ” position, sides and rear remain alight, driving 
filaments are out, as H terminal is no longer contacted, whUe the 
dipped -beam filaments are alight, dip” terminal being in contact. 



Fig , 3. — Lucas S.L.C.1 switch, as wired to sides, 

REAE, AHD A EAIR OE BIFOCAL HEADLAMPS 




SA T. ON 


ST & HEAD ON 
DIP OFF 



4. — Opeeation of Lucas S.L.C.1 

SW ITCH 


Lucas P.L.C. Switch 

In Tig. 5, a circuit is shown con- 
trolled by a Lucas type P.L.C. switch, 
designed for panel mounting and direct 
manipnlation by lever. This switch 
combines lighting, ignition, and charging 
control in one unit, hut \Te will confine 
ourselves to the lighting terminals. 

A ring of studs inserted in the 
insulated back are integral with the 
exterior terminals and a spring -contact 
assembly provides the combinations, 
as before. 

The circuit is that of a three-lamp 
set, where headlamps, placed in the 
required position, also serve as side 
lamps. In the ‘'side'’ position, the 
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small auxiliary ‘‘side lamp ” bulbs 
fitted in the headlamp reflectors 
are fed from the teiminal L, while 
terminal T feeds the rear lamp. In 
the “ head ” position, terminal Lis 
oflf contact, while terminal H be- 
comes alive, when “ side ” hulbs 
are out, and the headlamp bulbs are 
lighted, terminal T remaining alive 
to feed the rear. Terminal L on 
all P.L.C. switches is used only on 
tlixee-lamp circuits. 

Dipper Circuits — Five-lamp Set 

The arrangement of the switch 
with a five -lamp set is depicted in 
Fig. 6, where sides and rear are 
connected to terminal T, terminal 
L is unconnected, and terminal E 
is the common headlamp feed. This circuit also includes a standard 
Lucas E.D.5 dipper reflector unit, with contacts controlling offside 
headlamp, by far the most common layout on modern popular cars. 

The following points should be carefully noted : a single cable runs 
from P.L.C. terminal H to terminal Pos of the dipper unit, this being 
used as a junction for the short lead to the nearside lamp holder, and also 
the short wire bridging terminal Pos to terminal R. From this point, 
current flows through the dipper solenoid winding, via closed dipper 
contacts to fuse and terminal Dip, and thence through wiring and closed 
dipping switch to earth, returning to battery. 

As the solenoid becomes electro -magnetic, the plunger is drawn 
sharply in, when the striker peg engages the lifting pad and raises the 
two upper contact arms, causing them simultaneously to break circuit 
with the lower contacts. The dipper contacts separate and the solenoid 
current is deflected through the resistance, which reduces its value to a 
degree just sutficieut to retain the movement in the dipped position. 
At the same time, the “lamp"’ contacts separate and the feed to the 
offside headlamp — from Pos via contacts and wiring — is interrupted. 
It will be noted that the dipper is operative only when the headlamps 
are switched on, the feed to lamps and dipper being common. If the 
headlamps are switched off when the dipper is in use, the dipper returns 
to normal position, its current being cut off ; while switching on the 
headlamps with the dipping switch closed causes the dipper to operate. 

Switch-feed Arrangement 

This circuit is designated “live feed,” to distinguish it from the 
alternative arrangement — known as “switch feed” — shown in Eig. 7. 



TYPE P.L.C. SWITCH 



LAM1\S Am SVVITC'HES 


[V(JL. IV." 



Fig. 6. — Ahrajtgejont of switch with a rivE-iAsrp set — “ xive ” peed 
This circiiifc also mclTides standard Lucas E.D.5 dipper reflector unit. 


In this case the dipper control is incorporated in the main switch, the 
layout of which follows the lines of the S.L.C. sKo^m in Fig. 3. It is 
customary in this arrangement for the offside lamp to be controlled 
direct from the main switch, and not through the dipper lamp ” 
contacts. The feed to the nearside lamp only is wired to terminal 
Pos, while the feed to dipper unit is warred to terminal Dip. The bridge 
wire is eliminated het'ween terminal Fos and terminal R. the latter 
being directly connected to earth in the lamp body. Terminal Lamp 
is not required. When the switch is in “head position, the nearside 
headlamp bulb is fed from main -switch termiiuil R.l and the offside 
hnlb from terminal E. In the “ dip ” position HI remains alive, 
hnt H is off-contact and the offside lamp goes out , while terminal D — 
becoming “ li\^e ” — feeds the dipper, direct return to earth completing 
the circuit. 

Dipping Circuit for Three-lamp Set 

The use of a dipping reflector with a three -lamp set calls for special 
provisions to maintain the offside light required by law when the dipper 
is in use. Each headlamp is provided with a side -lamp '' bulb in 
addition to the main bulb, these being controlled from a P.L.C. switch 
through terminal L, as shown in the circuit of Tig. 5. A special lorni of 
dipper unit is used, as shown in Fig. 8, with an additional contact blade 
fixed above the upper arm of the “ lamp ” contacts. It should be noted 
that the four unit arm terminals are differently connected and marked, 
the R terminal now being 8 — a junction terminal with no euniieit ion 
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Mg . 7. — ■“ Switch ” feed headlamp ciRCTirT 

In this case the dipper control is incorporated in the main sw'itch, the layout of which 
follows the lines of Jig* 3. 


to the dipper circuits, hut connected to tke additional contact blade, 
wiring to both. “ side ” bulbs, and wiring to P.L.C. terminal L. Terminal 
NH is comiected to upper ‘""lamp ’’ contact, nearside bead bulb, dipper 
feed, and wiring to P.L.C. terminal H ; terminal OH connects offside 
head bulb and lower damp-contact only, while terminal Di^ remains 
the dipper return to earth via dipping switch, as in the orthodox layout. 
With P.L.C. switch in ‘‘ side ” position, current flows to terminal S and 
feeds both side bulbs. When the P.L.C. switch is in ‘‘ head ” position, 
its terminal L is off contact and side bulbs go out, but terminal H is 
live and current flows to terminal N H, feeding nearside bead bulb direct 
and offside head bulb via “lamp” contacts and terminal OH. When 
the dipping switch is closed, current also flows round solenoid winding, 


DIPPING 



F'ig. 8. — ClECUIT Foil DIPPIKO HEFLECTOR WITH A THEEE-DAMP SET 



LAMPS SWITCHES 


[voL . r\‘.] flGo 

through dip contacts — wliieh. the plunger separates, inserting resistance 
in series — ^ia fuse to terminal Dip, wiring, and switch to'eartii. As 
the dipper operates, the lamp contacts are also separated, tlie offside 
head bulb goes out, and the upper ‘‘ lamp contact touches the 
additional contact blade -wlien current flows from terminal XH to S, 
feeding both side bulbs. Thus, when dipped, the offside head goes off 
and side comes on, nearside head remains on and side also conies on. 

In the latest design, exemplified by the 1939 Morris ''S'’ Series E 
cars, a standard dipper unit is used, both side bulbs being wired direct 
to P.L.C. terminal T, as in five-lamp sets. When head bulbs are 
switched on the sides remain alight in each lamp, and when the dipper 
is operated, offside head goes out and nearside head is dipped, both 
side bulbs remaining alight. Thus, except for bousmg the side and bead 
bulbs in one lamp on each side, the arrangement is identical to five -lamp 
practice, and the P.L.C. terminal L is not wired. 

LAMP FOCUS 

If a lamp is to give the maximum efficient illumination, correct focns 
of the bulb in the reflector is essential. The shape of the reflector is 
parabolic, the object of this being to ensure that rays of light impinging 
on its surface from the focal centre are reflected forward horizontallv 
to constitute a parallel beam of great intensity. 

Bulb behind Focal Centre 

If tbe filament is placed behind the correct focal centre, its rays 
meet the reflector at too narrow an angle to the surface, and the resulting 
beam is spread sideways, leaving a dark spot in the middle of the beam. 

Bulb in front of Focal Centre 

With the filament forward of the correct position, the incidental 
rays describe too wide an angle to the reflector surface, and the beam 
conyerges inward, providing a conical pencil of light to a point where 
rays cross, and a converging beam with dark centre beyond. When the 
bulb is correctly focused the beam remains parallel for a considerable 
distance ahead. 

Side illumination is obtained by direct (iiiireflected) light from the 
bulb. 

Shape of Filament 

The shape of filament is also important. For deep refeetors, an 
axial straight filament gives the best result, while in shallow types the 
filament should be V-shaped or restricted as nearly as possible to the 
ideal point of light. This pattern is commonly used in spot -lamps, 
where a penetrating pencil of light is aimed at, .side illumination being 
of minor importance. 

Fig. 9 shows focusing principles. 
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BULB BEHIND FOCAL 
CENTRE. DIFFUSED 
BEAM WITH BLIND 
CENTRE 



BULB BEFORE FOCAL CENTRE 
CONVERGING BEAK/1 WITH 
CROSS-OVER 


BULB IN FOCUS 
BEAIV PARALLEL 
AND OF MAXIMI'M 
ILLUMINATION 


lig. 9. — ^PBmciPLES of pocosing 


ANTI-DAZZLE DEVICES 

Apart from tlie dipped beam, by means of bifocal filaments or dipping 
reflectors, elimination of dazzle is aebieTed very effectively in the various 
designs of ‘'pass lamp” nov^ in use. The main objectives are the 
cutting off of all upward rays and the flattening and broadening of the 
beam. Cutting off all upward rays is effected by shrouding the downward 
filament rays, as in the Lucas-(>raves bulb, and the use of a dno-focal 
reflector as in Lucas T.T.37 and F.T.57 lamps, the “ Tiippe ” driving 
lamp, and other types. Flattening and broadening the beam is achieved 
by the use of fluted lenses and forward shrouding of the bulb as in the 
Lucas F.T. and P.lOO lamps. 


Duo-focal Reflector 

Fig. 10 is a sectional view of the F.T.37 lamp, showing how the 
reflector is made with the upper half deeper than the lower half, although 
the whole reflector is actually pressed out in one piece. The position of 
the bulb filament is such that it is in the focal centre of the lower half 
but forward of the focal centre of the upper half. The lower half therefore 
casts forward a parallel beam of semi-cylindrical shape, while the upper 
half produces a converging downward beam, A metal cap attached to 
the cross-piece in front of the bulb intercepts all direct rays above the 
horizontal. The light is concentrated in elliptical form below the 
horizontal axis, with plenty of side spread, but no upward beam. In 
the F.T.57 a fluted lens assists the sideways refraction of light, tending 
to spread the beam fanwise towards the roadsides. 


SERVICINfG INFORMATION 

The following hurts will he of assistance in locating and rectifying 
lighting and lamp-circuit defects : 
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UPPER REFLECTOR. FOCUS 
DISPLACED BEHIND BULB 


BULB SHROUD [NTERCEPTING 
DIRECT LIGHT ABOUT 
H0R120MTAL 


LOWER REFLECTOR. FCXIUSSED 
TO BULB 


Fig . 10 .—Section- of duo-eocax REFLiicTua {F.T.37 lamp) 


Poor Illuminatian. 

Poor illumination may be due to old, discoloured bulbs, high, resistance 
in series causing voltage drop, faulty battery, or bulbs of incorrect type. 
To check earth connections fox conductivity, bold a length of cable in 
contact with the lamp body, and clean metal on the chassis, noting any 
increase of light, which indicates high-resistance earthing. 

Check focusing of headlamp bulbs with lamp lenses remoTed. using 
a white screen with vertical and parallel intersecting lines to mark lamp 
centres. 

If reflector surfaces are cloudy or scratched, new or replated reflectors 
are needed. 

Rewiring with cable of insufficient cross-area will introduce voltage 
loss. 

Faulty Pippers 

If dipping reflectors stick, blow fuses repeatedly, or are sluggish , 
see that there is no distortion due to damage. Use light machine oil 
or cycle oil sparingly to lubricate pivots, plunger, tappet -rod contact 
with reflector plate, and striker-peg contact with lifting pad. Use 
6-anip. fuse in 12-volt unit and 10-ainp. fuse in 6-volt unit. See that 
contacts are separated not before tw'o-thirds of full plunger stroke. 
Too early separation causes chatter and fuse trouble. ]\Iouiitiiig screws 
must be tight and fuse secure in dips. l\ote that 6-volt units ha\e 
yellow Empire-cloth covering of winding, and 12 -volt units have black. 
Clean contact surfaces with nail file. 

Repeating -type foot switches have ratchet-held 1 1 iree- legged rotor. 
If the dipper fails to operate every sixth stroke, condemn the 
switch. 
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Wiriag P.LX. Switch 

When wiring a P.L.C. switch, connect ammeter wire to outside A 
terminal — not the ignition A — as this is internally bridged and is not 
intended to carry lighting load. 

Bulbs 

Do not allow greasy finger marks to remain on bulb globes as the 
heat causes them to vaporise and give off gases injurious to lefiector 
surface. 

It is very unwise to look at a lighted headlamp bulb with the naked 
eye : use smoked glass. 

]?ilaments should he inspected for signs of sag and the glass for 
internal clouding, indicating imminent failure. A milky glass denotes 
incomplete air extraction due to faulty manufacture. A bulb with 
loose cap should he condemned, as vibration will cause early breakage 
of filament leads. 



SERVICING TECALEMIT DL- AND DR- 
TYPE FUEL-FEED PUMPS 

Bk 0. H. B. PRICE 

T he Tecalemit low-pressure fuel pumps, tfpes DL and DE, are 
intended for use with petrol, benzol, and fuel oil, and have a low 
woriing pressure, giving at the same time, in the case of the standard 
model, a steady flow of 0-15 gallons per hour, determined by engine 
requirements. 

Two standard models of pumps are available, the DL lever 
pump (Fig. 2), and the DE for push-rod operation. In each case a 
simple hand priming-lever is provided for use vLen initially filling the 
fuel system. 
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Fig. 2 {left).— 
General -view oe 
Tecaeemit “ d 

TYPE FUEL -FEED 
PUMP 

The priming lever 
at the right-hand side 
of the pump can be 
clearly seen, together 
with the drive lever 
and the filter cover. 


Fig. 3 {right ). — 
DISMANTLI N G 
FUEL-FEED PUMP 
( 1 ) 

This shows the 
first operation in 
dismantling which 
follows removal of 
the filter cover 
assembly. A tommy 
bar i,s inserted 
in the centre pillar 
which is then un- 
screwed, when it 
will be found pos- 
sible to lift the filter 
screen dear of the 
pump body. 



Description of Operation 

The sectional diagram (Fig. I) inclieate.s how the cceetitrie A on 
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tie engine camskaft 
causes lever B to oscil- 
late about pivot C and 
depress collar D on 
spindle E, and pulls tke 
diapbragm F downward 
against the action of 
spring Q. This produces 
a vacuum on the upper 
face of the diapbragm, 
causuig fuel to enter 
chamber E by means of 
union I and passage 0, 


Mg. 5 (below ). — Dismantlin-g 
TUE1-PEE3D PX7]Jir (3) 

In this the inlet 

valve seat hody has heen 
removed together -with the ia- 
let valve and the fibre joint. 
At the bottom of the inlet 
valve pocket can he seen the 
inlet valve spring in position. 






Fig. 4. — DISMA^^:LI^'■G fl'Iil-fepd 
PUMP i'2) 

Shows til© centre pillar with liiter 
screen removed from position. The inlet 
vaiv© seat body can be clearly seen in 
position. 

from where it passes down through 
the biter gauze i? and inlet A^alve 
/ to chamber X. 

As the eccentric rotates, tlie 
lever B ^vill tilt, assisted b\' 
spring 0, allowing tlie collar IK 
spindle E, and dhapliiagm F tc> 
rise by virtue of spring G so as 
to pump fuel in chamber K past 
the outlet valve L to tiie 
carburettor or injector pump, as 
the case may be. 

Should the engine demand 
the full quantity of fuel, the 
diapliragm follows the lull stroke, 
but 'when (in the ease ol a car- 
burettor) the boat -chamber needle 
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Fig. 6. — DisMAiiT-LnsTG fuel -feed eump (4) 

This shows the removal of the air dome together with the outlet valve spring and fibre 
joint, leaving the outlet valve in position. 


valye closes, a back pressure develops at the working face of the diaphragm, 
causiag a lag in action between the collar D and the working face of 
the lever B. 






E 


hig. 7 (left). — Dismant- 
LINTG (5) 

Reading from top left 
to bottom and top right 
to bottom, the following 
are shown, ; 

A. Outlet Valve Air Dome. 
JB. Fibre Joint. 

C. Outlet Valve Spring. 

1). Outlet Valve. 

A. Inlet Valve Seat. 

JB. Fibre Joint - 
C. Spigot for Inlet Valve 
Spring. 

n. Inlet Valve Spring. 

E. Inlet Valve. 

The difference between 
the lengths of the two 
valve springs is clearly- 
shown in this illustration. 
They are not interchange- 
able. It will also he seen 
that the inlet and out- 
let valves are identical. 
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Device fox assisting Easy Starting 

A certain level of fuel will be 
mamtained in air dome P while 
running, and the cnskion of air 
trapped in the dome will permit a 
small quantity of fuel to flow to the 
float chambpr when the engine is at 
rest, to make up for evaporation 
losses in the float chamber, thus 
assisting in an easy start. 


Service Notes 

When ordering spares or service 
units, always quote the number 
in full which will be found stamped 
on the pump flange. 

Occasionally remove filter bowl 
and gently wipe away dirt on face 
of gauze. Do not remove gauze 
for this operation, as dirt might 
enter. Tighten bowl nut firmly 
after removal. 

Three circumstances only are likely to make it necessary to examine 
the petrol-supply system ; these, together with the remedies, are set out 
below. 


Fig . 8. — Dismantling the fuel pump 

View showing all valve gear removed 
from head easting. The outlet valve seat 
insert is clearly shown in this illustration.. 




Fig. 9. — Dismjuntlinu tke fiikl pi mp (T) 

View showing head casting removed from base oa.sting. It slmuld he lenci.! that the 
upper face of the diaphragm is known as the working fai'o. 

M.n.o. IT. — IS 
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Fig. 10 [left).— 

I) ISMANTL ING 

FUEL PUMi* (8) 

To complete tlie 
dismantling of tlie 
uinfc, the primer 
drive pin is re- 
moved in the man- 
ner shown. 


FUEL- SUPPLY TESTS 
Lack of Fuel in Carburettor Float Chamber 

Possible Canse Remedy 

(1) Fuel tank exhausted Replenish tank. 

(2) Loose pipe unions . Tighten all conueetions in petrol-supply 

system. 

(3) Damaged piping . Renew where necessary. 

(4) Filter-cover nut loose Remove bowl, examine cork joint, replace 

if in good condition, and tighten bowl nnt. 



Fig. 11 (left).— 
Oyer h aul, ■ 
ING THE UNIT 

Kemoval of lever 
spring showing hall 
and spring used in 
locating the prim- 
ing lever. Also 
the primer drive 
pin. 




13. — OVEEHAI'I^INCJ PFMP 

the removal of diaphragm assembly complete which follows 

dm e le\©i. In this new the four lamin® can be clearlv seen. 
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^ig. 12.— 0\’E31HAITI.I>JG THE PU^IP 
View showing the drive and priming lever assembly. 


(5) Eilter elioked 


Eemove bowl, wipe gauze gently with 


cleaa rag. 


Note: Centre bolt and gauze should not 
be removei for this operation. 
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Fig. 14 (^e/i).— Vow showing the 

DIA.PHRAGM ASSEMBLY COMPLETE 

This assembly is complete in itself 
and should be changed as a whole when 
it becomes necessary to renew either 
the diaphragm or the diaphragm 
spring. The washer shown between 
the brass bushing and the spindle end 
of the washer is of a special fibre and 
takes the thrust from the drwe lever. 



Fig. 15. — View suowincj all parts of the pump in' a nisHANTLED condition 

The following three assemblies should be noted as they are supplied complete as such 
by the makers. On the extreme left, the lover assembly. A.t the top of the illustration 
the filter cover assembly. At the extreme right of tho illustration the diaphragm assembly. 
The line drawing Fig. 1 shows diagrammatic view of the complete pump. 
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Lack of Fuel in Carburettor Float Chdimber—conti niml 
Possible C(i%st Rtiiiedij 

(6) Leaking valve plug . Tigliten ly spanner at hexagon beneath 
Outlet L (see Fig, 1) air dome F (see Fig. 1 ). 

Leaking valve plug . Remove centre ]ihi by passing siiiaii 
Inlet J (see Fig. 1) tommy bar through fiieidiiet Q, iiiiserew 

and release gauze J? (Fig. 1). 

Tighten plug by wide screwdriver in slot . 

(7) Bent or damaged valves. Remove valve plugs and valves. Care- 

(Remote unless tamperage fully cleanse in petrol and exaniine valves 
is suspected.) and valve seats for defects. Teealeniit 

fuebpnnip valves are intereliaiigeable, 
and care should be taken to see that they 
seat flat and are not on edge vben being 
replaced. The valve springs should be 
handled with care. These are not inter- 
changeable, inlet with outlet. 

Leakage of Fuel at Diaphragm Flange 

Possible Cause Bemedy 

Loose screws in flange. Tigliten all screws equally and gently in 
(In view of the flange rotation, 
design this possibility is 
remote.) 

Flooding of Carburettor 

Possible Cause Remedy 

Carburettor needle valve Examine carburettor for adjustment, 
not seating. Clean float chamber and needle seat. 

Flote , — The primer lever T [see Fig. 1) is for use only when tlie 
engine is at a standstill, with empty fuel lines and carburettor. 

The correct method of operation for priming is to ])iish the lever down 
and release. This should be repeated until fuel is seen to be emerging 
from carburettor, when “ tickler ” is used to de{)ress float. Tsbinnally a 
few^ turns of the engine should preclude the need for priming. 

Procedure for Dismantling and Overhaul 

The procedure for dismantling and overhauling is sliowii in Figs. ^ 
to 15. 



THE APPLICATION OF A COMPRESSION 
GAUGE FOR ENGINE TESTING 

By S. G. MXJNDY, A.M.IA.E., M.I.M.T, 

A COMPEESSION gauge property used is of great utility in diagnosing 
a.nd locating tlie causes of loss of compression. 

A good reliable gauge should be used, and connected by rubber 
hose in the sparking-plug position, using a suitable connector according 
to the size of the plug fitted. 

Tests should be made by turning OTer the engine on the spark meter 
(using an auxiliary battery for this purpose, if necessary) with, all plugs 
removed. The engine should be at normal operating temperature. 

The purpose of a compression test is to determine what faults, if any, 
exist in the compression of individual cyhnders, in order to indicate 
whether the power impulses are uniform. This is more important than 
the actual value of the compression readings. 

How to make a Compression Test 

(1) Eemove all sparking plugs. 

(2) Insert the proper adapter in No. 1 cylinder and connect the 
compression-gauge hose. 

(3) Lock the throttle wide open, and see that the carburettor choke 
valve is also wide open. 

(4) Crank the engine with the starter, and note the maximum reading 
obtained on the compression gauge. 

(5) Having recorded the reading, remove the adapter, pour about 
1 oz. of engine oil on top of the piston, taking care to see that this oil is 
kept clear of valves, 

( 6) Eeplace the adapter and repeat the compression test . The oil will 
temporarily seal the piston rings. If the compression does not materially 
rise, it indicates that the rings are tight and any loss in compression is past 
the valves. If, on the other hand, the compression rises by 10 Ih. or more 
over the first reading without oil, it shows an excessive leakage past the 
rings. 

How to make a Complete Analysis of Engine Condition with the Com- 
pression Gauge 

By setting out the test figures in the form of a schedule, the condition 
of the engine can be completely analysed, as follows : 
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SCHEDULE SHOWmO METHOD 
CONDITION BY MAKING A 


OF ANALYSING ENGINE 
COMPRESSION TEST 


SCHED-DLE No, 1 



A 

B 

C 

L 

E 

Cylinder 

No. 

Dry 

Oil- 

sealed 

Bore 

Loss 

Talve and • 
Gasket Loss 

Total 

Loss 

1 

45 

55 

10 

5 I 

15 

2 

40 

42 

1 2 

18 i 

'20 

3 

48 

56 

7 

5 

12 

4 

50 

60 

10 

X 

(28 ~ 4 - 7) 

17 


(1) Insert the norma,! compression, reading in column A. 

(2) Insert reading -with oil seal in column B. One cylinder (No. 4 in 
fcKe example used) will give a maximum reading. 

(3) The difference in the readings between columns B and A represents 
the loss pa.st rings, and is entered in column C. 

(4) The maximum reading in column B represents the most efficient 
cylinder, and all other cylinders should correspond. The difference 
between the maximum and lower readings represents a loss of compression 
past valves or gaskets, and is entered in column D for all cylinders except 
the cylinder which gave the highest reading on the oil seal. It must not, 
however, be taken for granted that this high-reading cylinder is perfectly 
sound, and an allowance factor must be determined to compensate for any 
loss past valves which may exist in this cylinder. 

(5) This allowance factor is obtained by adding together the readings 
in column D and dividing by the total number of cylinders, thus giving an 
average loss to be allowed for the final cylinder X. In the example used, 
the total valve and gasket loss is 28, which is diyided by the number of 
cylinder, namely 4 — 7 lb. loss for No. 4 cylinder. 

(6) We now add together columns C and D, which gives us the total 
loss of compression as in column E. 

A frequent mistake when making compression tests is to base tlie 
analysis only on the results shown in column C, that is, the diftereiice 
between the dry and oil-seal readings. Such an anabasis, in the case of 
the example used, would probably result in the customer being told t hat 
cylinders Nos. 2 and 3 are good because they show a bore loss of 2 lb. and 
7 Ih. respectively, and that cylinders 1 and 4, although so satisfactory 
as others, do not yet merit attention because tliev each siiow a bore 
loss of 10 lb. 

If, liow^ever, a complete analysis is made, it .shows that although the 
bore loss of No. 2 cylinder is very low, yet the valve loss is very iiigii and 
calls for immediate attention. Since this means removing the cvlinder 
head, attention can at the same time economically be given to cylinders 
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Testing the Compression 

Showing use of compression tester with 
special rubber adapter inserted in sparking- 
plug hole. The gauge is held in position by 
hand. 


1 and 4, which, have a fairly 
high here loss and might justify 
the fitting of oversize piston rings. 

Analysis of the above Schedule 

A ‘'balance test” made with 
a vacuum gauge by short-circuiting 
cylinders in turn showed the cylin- 
ders to have the following descend- 
ing order of efficiency : 3, 1, 4, 2 ; 
this complies closely with the com- 
pression-test results. 

An analysis based only on the 
results shown in column C, where 
no thought has been given to fully 
determining the condition of the 
cylinders, or where it has been 
deemed “too much trouble,” would 
have resulted in the customer 
probably being told that ‘ ' Cylinders 
2 and 3 are good, and cylinders 1 
and 4 — although less efficient — do 
not yet merit attention.” 

The complete analysis, as 
covered by the schedule, indicates 
clearly that whilst the bore of 
cylinder No. 2 is excellent, the 
valve loss is high and calls for im- 
mediate attention ; and since this 
has to be done, attention could also 


he given at the same time to the 
bores of cylinders 1 and 4, where the fitting of oversize piston rings 
would in all probability rectify the loss of compression taking place. 


The Use of a Compression Gauge for Fuel-pump Testing 

This test is made by connecting the compression ga^nge through a 
screwed -in special tee -fixture between the petrol pump and the car- 
burettor, and running the engine at a speed equivalent to about 10 m.p.h. 

The pressure reading on this test will be about 2h to 3|- lb. A fuel 
pump will work and give satisfactory results at a pressure of 2 lb. provided 
the carburettor has been ])roperly adjusted. Pressures seldom exceed Ih. 

Too low' a fuel-pump jnessure will cause a high-speed miss because of 
lack of fuel delivered to the carburettor. Too high a pressure will cause 
carburettor to float and result in high petrol consumption because too 
much mixture is being delivered to the carburettor. 


OPERATION, CARE, AND MAINTENANCE 
OF KLAXON HORNS 


T he electrically operated lioras are vibrating- type units that 
operate on a magnetic principle to produce the warning signal. 
These horns are used as single units or in matched pairs with 
Mended tone. 

Current from the battery flows through the windings within the horn 
when the circuit is completed at the horn push-hutton switch. The 
magnetic attraction of the armature towards the pole causes a tension 
and slight movement of the diaphragm. This moYemeut opens the con- 
tact points in series with the horn windings, breaking the circuit. 

When the current is interrupted, the armature returns to its original 
position, relieving the tension of the diaphragm. The slight return 
movement of the armature and diaphragm allows the conta ct points to 
close, completing the circuit. 

This cycle is repeated a great many times per second, resulting in a 
rapid vibration of the diaphragm. Each horn is designed to operate 
at a predetermined number of cycles per second to produce its character- 
istic warning signal. The pitch of the horns depends upon the number 
of vibrations per second, the high-note horns having the greater fre- 
quency. 

Conditions Affecting Horn Performance 

The following conditions affect the performance of the horns and 
should be checked before attempting to make any adjustments to the 
instruments : 

Low Horn Voltage 

If the horn produces a weak signal the voltage at the horn should be 
noted. 

Connect a voltmeter from the horn terminal to earth when checking 
horns having one terminal. Cbnnect the voltmeter across the horn 
terminals when checking horns having two terminals. 

The voltage readings should not be less than 5*25 volts ((i-vv>lt system) 
or 11 volts (12-volb system). A lower reading would indicate either a 
low battery or a high resistance in the horn eireuit. 

2Sl 
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Low Battery 

Check the battery with 
a voltmeter or hydrometer 
for condition of charge. 
If low, the battery should 
he recharged. 

Loose or Corroded 
Connections in Horn 
Circuit 

Clean and tighten con- 
nections wherever neces- 
sary. Check for defective 
wiring by connecting separate test leads from the horn to the 
battery. 

A loose connection or poor contact at the horn push-button switch 
may cause the horn to operate intermittently. Shnnt around the horn 
button to determine whether there is poor contact at the push-button 
switch. 

If a horn relay is used in the circuit, remove the relay cover and see 
that the relay operates. The relay is connected in the battery circuit 
and is remotely controlled by the horn push-button switch. 

The horn relay must he connected as shown in Eig. 1 to prevent 
damage to the unit. 

Wire in Horn Circuit 

The wire in the horn circuit should be of sufficient size to carry the 
current required to operate the horns. Use 0-064 in. diameter wire or 
larger for models 16, 26, and 31 ILlaxons and OT in. diameter or larger 
for model 33. 

Mounting 

Some horns are earthed internally and have but one terminal. In 
this case, a good earth connection to the frame of the car should be main- 
tained through the mounting brackets. Horns must be fastened securely 
in position or the tone will he affected. 

Loose or Damaged Parts 

Homs usually have a rasping sound when vital parts are loose or 
broken. A loose hackshell may affect the tone. 

Tighten all collar screws, mounting nuts, and studs, and replace all 
damaged parts. 

Some matched pairs of Delco-Remy Model 33 horns use a long and a 
short projector. The long projector must be used with the power unit 
stamped L,” and the short projector with the power unit stamped 
“ S,” or the horns will not perform properly. 



Fig. 1.--WI31IKG DIA.GBA.M BOB PA.m OF KlAXON 
HOBNS WITE A HOBN REBAY IE THE CIRCFir 
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Open, Shorted, or Earthed Circuits 
in the Horn 

Tlie horn will nob function 
properly if the field windings are 
open-circuited, short -circuited, or 
earthed. 

Connect an ammeter in the 
horn circuit at the horn terminal. 

If there is no indication of current 
flowing when the contact points 
are closed, the windings are open- 
circuited. The ammeter will in- 
dicate an excessive flow of current 
if the windings are short-circuited 
or earthed. 

The w^indings in horns having two terminals may also he checked for 
earthed circuit by the use of test points and a test lamp. 

Disconnect the horn leads and touch one test point to one of the horn 
terminals and the other point to the horn base. If the lamp lights, the 
field windings are earthed. This test does not apply to horns having one 
terminal, as these horns are earthed internally through the base. 

Arcing or High Resistance at Contact Points 

Excessive arcing at the contact points may be caused by improper 
current adjustment. An open circuit in the condenser (on Model 26 
horns) or in the resistance unit (on Model 33 horns) will cause excessive 
arcing at the points, and in some cases the contacts will be held together. 
The horn will not function properly if the condenser or resistance unit 
is open-circuited. 

High resistance at the contact points of Model 33 horns may be caused 
by an oxidised coating which, soinetiines forms on the contact surfaces. 
Usually a few light strokes with a thin contact -point tile will dress the 
points so that the horns will produce the proper tone. 

Adjustments 

No adjustments should be necessary on new horns. However, if 
the tone is not satisfactory after checking the above conditions, it will 
be necessary to adjust the horns. 

When adjusting matched pairs, one horn should be disconnected and 
attention confined to one instrument . 

Klaxon Models 16 and 31 

Current-consumption and air-gap specifications for these models 
are as follows : CurreTit consum;ption z High-note 6- volt horns, 5-7*5 
amps.; low-note 6-volt horns, o-7*o amps. ; high and low- note 12-volt 
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i’/f/. 3. — Klaxun horn (moi>ei. 33-b) 


horns, 3-4*5 amps. J/r 
Gap : High-note 6- and 
12“Valt lionis, *015— 017 
ill. ; low-note 6- and 12- 
volt horns, *020- *02 2 in. 

Connect ammeter in 
circuit at the horn and 
adjust current consump- 
tion by varying position 
of adjusting screw. 
Loosen the locknut, and 
turn current -adjusting 
screw to the left to in- 
crease the current, to 


the right to decrease the 
current. Increasing the current increases the volume. Too much 
current will cause the horn to have a sputtering sound. This adjust- 
ment is very sensitive. Move adjusting screw one-tenth turn and lock 
in ])ositioii each time before trying the horn. If ammeter is not 
available, adjust according to sound. 

If the tone of the horn is unsatisfactory after adjusting the current, 
remove the faceplate or projector and adjust the air gap. 

Loosen the locknut and turn air-gap adjusting stud to the right until 
it touches the core. The horn will not sound when stud is in this position. 

Back stud away from the core by turning three-quarters of one turn 
to the left, and lock in p)osition. If the horn has a coarse, high pitch, 
turn air-gap adjusting stud to the left, and if the pitch is too low, turn 
stud to the right. Move stud one-tenth turn and lock in position each 
time when adjusting near the correct setting. 

After each horn in a matched pair has been adjusted and operated 
individually as mstructed, connect the units together and sound for 


blended tone. 



Adjusting Klaxon 
Models 26 and 33 

Adjust the current 
consumption, as 
already described for 
Models 16 and 31. 

The correct air gapi 
between the armature 
and core is very im- 
portant for proper tone. 
The gap must be uni- 
form across the entire 


Fig . 4. — Klaxon horn (mui>ei. o3*c) 



MAINTENANCE OF KLAXON HORNS 


•JS.} 

surface of the armature. The width of the gap may be detemiiiied by 
using a feeler gauge. Adjustments are made by means of tiie air-ga]» 
adjust ing nuts. 

After each horn in a matched pair has been adjusted and operated 
individually as instructed, connect tlie units together and sound for 
blended tone. 

The Model 26 single 6-volt horns having the short pirojeetors should be 
adjusted according to high-note speciiieatioiis, and those with long 
projectors should be adjusted according to low-note speed tieat ions. 

The following table gives the cuTreut-eonsuniption and air-gap 
specifications. 


CwTC} 1 1 ( 'on Slim pi ion 


Air (hip 


Horn 

Model 

yumber 


26 -A, n, e, 

and D 

26 -E, F, and 

G . 

26 .L . 

26 .]M, and S 


oo 

33 -B . 
33 -C . 
33 -D . 
33 -F . 
33 -S . 


High •note \ 

d-ivlt Horns i 

at 6 volts ; 

(Amps.) I 


5-6’5 

5-C-5 

5-0-5 

11-13 

11-13 

10-12 

11-13 

9-11 

10-12 


Loiv-notc 
O-ro/? Homs 
at (> volts 
(Amps. ) 


6 * 5 - 8- 5 

b-i>— 8-0 I 
6 - 5 -S -5 i 
( 5 - 5 -S -5 I 

11- 13 ! 

12- 14- 

11- 13 

12- U 
11-13 
11-13 


Biijh- and 
Lou'-nok 12 - 
volt Horns at 
12 volts 
(Amps.) 


3 - 5 - 4-5 

3 - 5 - 4 - o 
3 - 5 - 4 -.") 
3 - 5 - 4- 5 

S-ll 
8-H 
8-1 1 
8-11 
8 11 
8-11 


High -note 

\'2-roIt 

Horns 

{in.\ 


-017-020 

•« !l 11--023 

•id 'J --023 

.i) 4.0--O47 
•03»)--040 
■♦>32--o3it 
■o3r>--o4ti 
•032— (j:ni 
•032--o3r; 


Lot mote 
0- tnv.f l‘2-roU 
Homs 
lOi.i 


•1125-020 

•025—029 

•025-it29 

•025-029 

-(i5c— 057 
•045--O5O 
•042— 04 i) 
• 045-050 

.(140-044 
-042-1.14 0 



CHECKING SMITH THERMOSTATS 

Willi Notes on tlie use of Aiiti-Freeze 

By F. J. GROSE 

T he modem tliermostat comprises a, yalTe operated by a nietallie 
bellows filled with a volatile liquid and set at a predetermined 
temperature. The movement of the bellow’s closes off the hy-pass 
when the valve is full open. Thermostats are calibrated to start opening 
usually between 7(T" and 73" C. — suitable liquids being employed having 
boiling points to suit the desired temperature setting — and are full open 
at about 85" C. Pressure has no effect on the thermostat, as the area 
of the valve is equal to the mean diameter of the bellows and, therefore, 
balanced. Valves larger than the bellows will blow^ open under pressure 
and the temperature will be lower than that tor which the thermostat is 
designed. The running temperature will be higher if the valv'^e is smaller 
than the bellows. 

Under normal conditions of control the thermostat valve is rarely more 
than ih, in. off its seating, sufficient water passing through this area to 
give the desired control, as is proved by the fact that under running 
conditions the tempierature of the engine is very close to the temperature 
at which the valve moves off its seating, namely 10^-13^ C. 

When a thermoineter is used, it should obviously record temperature 
on the engine side of the thermostat. 

The bellows is under vacuum, thus in the event of puncture (a very 
rare trouble) the valve will fly to the full-open position, eliniiiiatiiig any 
possibility of boiling. 

Checking Thermostat when Temperature is lower than 70°-73° C. 

First check thermometer readings — if one is fitted on the car (use an 
ordiiiarv glass thermometer for checking, preferably at 60®, 70°, SO®, 
90°, l(iO° C.). If the therniometer is satisfactory, remove the thermostat 
and place in water at 70°-73° 0., moving the thermostat about during 
the test. The valve should be a few thousandths of an inch off its seating 
at 73° C., and should have a minimum of in. lift at 85° C. If the 
valve is permanently off* its seating, it indicates that the belloAvs is punc- 
tured and must he returned for servicing. No repairs can be eff‘ected on 
a thermostat by a garage, as the thermostat is a sealed unit. 

A thermostat is an accurate instrument calibrated to within U°C., 
and is therefore entitled to at least occasional attention. It usually 
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gets the blame for all eooling-systeiii troubles, but is in fact a very reliable 
fitting. All Smith thermostats are halaneed and are iiiiaffeeteil by 
pressure — therefore lov running temperatures eaniiot be attrilnited to 
the thermostat. There are, liowerer, thermostats on the market with 
oversized valves which would definitely be the cause of liov riiiming 
temperatures. 

Running Temperature too low— no Thermometer fitted on Car 

The simplest way of testing a thermostat when no thermometer is 
fitted on the car is to insert an ordinary thermometer in the header tank 
when the engine is really warmed up. If the engine is niiming stationary, 
it should he allowed to rev. for at least ten minutes. The temperature 
in the header tank is usually about 2^-3"" lower than the cylinder block ; 
therefore, if the recorded temperature in the header tank is, say, (n “-6S" 
C., it may safely be assumed that the thermostat is correctly set and 
controlling temperature in the cylinder block at 70°-73° C. 

Car does not warm up Rapidly 

Fill up wdth cold water and allow the engine to run at a fairly fast 
tickover. Under these conditions the thermometer should reach the 
normal setting of 70®-73®C. in 3-6 mmutes approximately. (On the 
road under driving Qonditions this is more rapid.) During the period of 
warming up no hot water should pass into the radiator until the valve 
opens. The only water which can pass over is via the very small air- 
vent hole in the thermostat valve. If the radiator warms up approxi- 
mately at the same rate as the cylinder block, then this indicates that the 
thermostat is faulty, and it will probably be found that the valve is 
permanently off its seating, due to a punctured bellows. 

Engine Boils 

Adopt the same procedure as when the temperature is lower than 
70°-73°C. If the thermostat is found to he satisfactory, boiling must 
be due to some other cause, such as insufficient water in the cooling system, 
choked radiator (very often the case on an old car), pump requiring atten- 
tion, or a kink in the rubber hose. In cold weather, freezing at the base 
of the radiator results in boiling, and very often the thermostat is blamed 
for this, but naturally has nothing to do with it. 

Engine Temperature, although not boiling, is running very High 

Adopt the same procedure for testing the thermostat as when the 
engine boils. If the tlierniostat is found satisfactory in regard to 
setting, the cause must be looked for elsewhere. 

Note ,- — Yarious methods are adopted for closing the by-pass— the 
sliding -shutter method being shown in Figs. 1 and 2. A more positive 
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shut-i»ff isriiivlple is shown in Fics. 2 and 3. All three are perfectlr 
satisLictoiy, as it is not ahvays necessary to use a design whicdi will give 
|)ositive close-off at the by-fiass. Deiierally speaking, the more efficient 
tlie eooiiiig system the less necessary it becomes to completely shut off 
the by-pass when the valve is in the full-open position. 

THERMO-SYPHON-TYPE THERMOSTATS 

This type of thermostat operates on a similar principle to the pnmp 
type, with the excejition that it is set lower, usually at 65° C., and in order 
not to interfere with the free flow of water a butterfly valwe is used. This 
type of thermostat will also fl\’ to the full -open position in the unlikely 
event of the bellows being punctured. Thermo-syphon-type models are 
illustrated in Figs. 4 and 5. 

It should be noted that all thermo -syphon-cooled systems can run as 
high as 97" C. under hot-weather conditions. It will therefore he obvdous 
that the object of the thermostat for such cooling systems can only be 
to ensure rapid warming up from cold and prevent the engine temperature 
from dropping helow the temperature at which the v^alve is set to start 
opening. It cannot prevent the temperature of the engine from running 
up as high as 97° C. Incidentally, boiling rarely results on a thermo- 
syphon cooled engine, even if the running temperature is as high as 
97° C. Many owners are under the impression that a thermostat on a 
thermo-syphon cooled engine should prevent the engine from running at 
this high temperature, but it will be clear that this cannot be so. 

Precaution w’hen refilling Cooling System 

When refilling the cooling system after it has been emptied, do so 
slowly, to ensure that the air is allowed to escape through the air vent in 
the thermostat. Rapid filling of the cooling system frequently results in 
an airlock and a partially filled cooling systeiii, wliich will quickly boil 
and is likely to have serious results. If an engine boils and the car is 
driven , all the water will boil away, and it is possible for the temperature 
to be so high in the block that it will melt the solder on the thermostat. 

Such ther mostats should be returned to the manufacturer for examina- 
tion with full particulars of the trouble. Excessively high temperatures 
— high enough to melt solder — are caused by loss of water as the result 
of boiling. The thermostat may cause the initial boiling due to incorrect 
tliermostat fitting on the engine. 

Bearing in mind that the liquids used in a thermostat, for pnimp- 
eooled engines, have known boiling-points, it is, therefore, impossible for 
a thermostat designed so that the valve starts to open at C. to 

give running tenqjeratures on the road of, say, 95° C. It is usual to blame 
the tliermostat, but this is ahsohitely wrong. To obtain a running 
temperature of 95" C. a licpiid totally different from that employed for 
a setting of 7i)'-73° C. would have to be used. 
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Sticking rarely occurs in a tliermostat , altliougli it is customary for 
garages to assume that a thermostat lias jammed if trouble occurs. It 
is easily prored when testing the thermostat hy observing whether the 
valve moves freely in its guide. Thermostats must he moA^ed rapidly in 
the water during the calibration test, othenvise it is not possible to check 
the setting accurately, as the sensitiveness of a tliermostat is obtained 
by the flow of Avater OA-er the metallic hello avs. 


USE OF ANTI-FREEZE 

It is important to hear in mind, Avhen a thermostat is fitted, that no 
water circulates through the radiator until the valve opens; therefore 
there is a greater tendencA^ for the base of the radiator to freeze. A 
suitable anti-freeze should he used during the Avinter, and this should be 
added early in the season, and not left until frost appears. 


FkJ. (I. Fi{Ki::^IN(i I'OlN'rH ttv KTHV^r.KNK fJl.VCOI. inhiiiitp:i> (iiwtk< «»i.) ANI> UIMHI iil.Vt'iaiINK 

So(r. I ll*' fn r/,iii<j: iHiilitii }.UV<'I1 in tin*, ^riipli n^iuoHniit tin? tniiipnmturn at uhirh Hinall cryststk hIhiI in Iumh. 'rin* Holutu.i 
to'iiiuHh. which Uiicknr an tin* iciiiiHM'iiluriJ (JiH*rMaHi*.4 tn tlio muIw limit. 
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Erisiiies with or without a tlierniostat are not safe from freezing, as 
many radiators have been known to freeze up on the road even after 
the engine has been well wanned up. Heated garages or lamps under the 
engine are also insufficient. 

Anti-freeze prevents freezing up, provided sufficient is added to the 
cooling water. Lack of knowledge of this subject frequently results in 
troubie. Even a good anti-freeze can freeze up if insufficient is used. 

Some anti-freeze mixtures on the market give very poor frost pro- 
tection, making it necessary to add a large quantity to obtain effective 
protection. It is advisable, therefore, to make sure that the anti- freeze 
used will give the desired frost protection. 

Tail information covering the freezing-points of any recognised anti- 
freeze is published in chemical te.vtbooks and is therefore available to all. 

Amount of Anti-Freeze Required 

The accompanying chart is given as a guide, and shows the frost 
protection which can be obtained by the use of Ethylene Glycol In- 
hibited, according to the quantity added. 

Ethylene Glycol Inhibited (Eluecol) is a recognised non-corrosive 
anti -freeze, and gives the maximum frost protection of any anti-freeze 
on an equal-quantity basis. 

ETHYLENE GLYCOL SOLUTION FREEZING-POINTS 



Formation of Minute 


Hard Mush 

Bij Volume 

Crystals Slightly Musky 

{Freezing-point) 

[Maximum Safe Lmiit) 

Percentage 

Deg. of Frost Fahr. Deg. of Frost Fahr. 

Deg. of Frost Fahr 

10 


10 

14 

15 

1(1 

16 

25 

20 

lof 

23 

39 

25 

32 1 

55 

30 


39 1 

71 


FIovs freely, 

Incapable of 


safe for tlriviiig 

flowing, but unlikely 
to crack: radiator or 
cylinder block. 


The graph given in Tig. (> shows the freezing-points of Ethylene 
Glycol Inhibited (Bluecol) and good glycerine according to the per- 
centage by volume. 

Because of its high boiling-point and low’ viscosity, Ethylene Glycol is 
frequently used as a coolant instead of w’ater on sports cars and on air- 
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BOILIMG POINT OF SOLUTION AT NORMAL 

ATMOSPHERIC PRESSURE (760MM) 

Fig. 7 . — Boilins-poikts of ethi’leue glycoi, accoiieiso to percektag-e by volfime 

This information is useful when ethylene glycol is used as a coolant in the cooliii]! -water 
system. 



V(/. 8. — The specific (jra.vitt of E'l’avLESE r.LYcoL 


2114 [vuL. IV.] 


ELEtTRK'AI. AA'J) AirESSORY 


EQUIPMENT 


craft engines. The Ixhling-points according to percentage by volume are 
given in Fig. 7. 

Flush out Radiator before adding Anti-Freeze 

All anti-freeze products have a tendency tc» loosen foreign matter in 
the radiator, and therefore it becomes essential to thoroughly flush out 
the cooling system before adding the anti-freeze, hearing in mind that, in 
the case of an old car, where there is in all probahility a considerable 
amount of foreign matter in the cylinder block, the loosening of this 
foreign matter may choke the radiator. Efficient cleansing of the radiator 
becomes necessary, using any well-knoArn product offered for this purpose. 

It is customary to blame the anti-freeze if the radiator becomes 
choked — this is not the fault of the anti-freeze, but the fault of the owner 
in not ensuring that bis cooling system is properly cleansed. Once the 
cooling system is clean, a good anti-freeze will keep it clean. 

Alcohol anti-freeze is inflammable and easily evaporates at normal 
ruimmg temperatures — it should be avoided. 

An ant i-freeze must not attack the solder or metals used in the cooling 
system or thermostat. Ethylene Glycol, containing the correct anti- 
corrosive inhibitor, is known to be satisfactory. 

THERMOMETERS 

The modern thermometer comprises a Bordon tube and a rack and 
pinion. Solid-filled thermometers are sometimes employed, but the usual 
tr’pe operates with vapour pressure. The sensitive end of the capillary 
tube is provided with a union nut, so that the bulb may be screwed into 
a convenient part of the engine or radiator when provision is made for 
screwed fixing. Alternatively, an expanding rubber connector is avail- 
able, permitting the fixing of a thermometer bulb in a rubber hose provided 
it is of canvas ply, or in a hole drilled in a metal water-pipe. 

On some thermostats a screw*ed connection is provided for thermometer 
fixing, bnt if this is not so, the thermometer should always be fitted 
between the thermostat and the cylinder block, in order to obtain 
cybnder-hlock temperature. Radiator header-tank fixing should be 
employed only when no thermostat is provided. 



LUBRICATION .\ND LUBRICATING OILS 

By E. A. EVANS, M.I.A.E. 

Chief Chemist to Mesm's. C. C. Wakefield d' Co., Ltd. 

W HEN oil is allowed to floAv between one plate and anotlier which 
is tilted, a wedge of oil is produced. Whatever lengt li that wedge 
may be, the L)ressure along its whole length is the same. If the 
two plates are pulled apart or pushed together witlioiit altering their 
angular positions, and the flow of oil is inaiiitained, the pressure through- 
out the film will still remain constant. At the narrowest part of the wedge 
the flow^ of oil is restricted, but this does not affect the pressure within the 
film or the rate of flow', because the excess oil simply leaks out at tlie 
sides. Imagine no^Y that the pressure of the oil feed is increased . Altlioiigli 
a greater volume of oil is ])assing into the w'edge, the pressure within the 
w'edge remains the same, as the extra volnine escapes from the sides. 
When the side leakage is restricted in some way, the pressure withm the 
W'edge simply hnilds up along its entire length. 

Lubrication of Shaft and Bearing 

Between a bearing and the shaft there is alwiiys a gap, which is called 
‘'the clearance.’’ The shaft is free to assume any position which eir- 
eiimstances dictate. When at rest it will lie on the bottom of the healing, 
leaving the greater clearance at the top, and when it rotates it will lift 
off the bearing and possibly move sideways. The running position is 
dependent upon the applied load and speed and, to a lesser extent , upon 
the viscosity of the lubricant, 
bearing creates a ^vedge- 
shapied gap through which 
the lubricant will flow. The 
oil pressure within the gap is 
all-important to effieieiit lubri- 
cation, and notliing should be 
done to impair the building 
up of sufficient pressure in the 
iiarrow'est part of the w'cdge. 

A loss of pressure at this ])oint 
of nearest approach may result 
in complete rupture of the oil 
film, followed by inetal-to- 


The eoeentricity of the shaft within the 
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metal contact , and finally melting of the bearing metal. The oil may 
be force-fed to the bearing by a pump, where the flow is assisted by the 
pushing action of the rotating shaft on the oil. 

Oil Pressure 

The dimensions of the clearance affect the rate of flow, the volume of 
oil passing, and the pressure gradient. Using a constant-volume pump, 
the same volume of oO will fliow through the clearance whatever its 
dimensions may be. The only v'ariahle will be the pressure. In a big 
clearance the pressure will be less than when the clearance is small. A 
high oil pressure at the point of nearest approach is essential to support 
an intensive load which may he constantly or intermittently applied. 
The engineer aims at balancing the load by the oil pressures acting on the 
surface of the journal. In practice a release valve is inserted between 
the pump and the bearing, so that the pressure can be adjusted at will. 

The Discovery of Film Lubrication 

The modern conception of lubrication is based upon experiments made 
by Beauchamp Tower in 1883, and the immediate years following. 
These experiments were made for the Institution of Mechanical Engineers. 
Ill anticipation of fitting a lubricator, he drilled a |-in. hole into a brass 
bearing, and found that oil poured out of it when his machine was set 
rumiing. To prevent it, a wooden plug was driven into the hole, but on 
restarting the plug was forced out. He then fitted a pressure gauge, and 
discovered that the pressure in the film was sometimes as great as twice 
the mean pressure calculated by dividing the total load by the projected 
area of the hearing. 

Osborne Reynolds published his classical paper in 1886, in which he 
interpreted Tower’s experiments in his famous theory based on hydro- 
dynamics. He developed a differential equation for the pressure dis- 
tribution in the converging film. The lubricant adheres to both the 
moving and the stationary surfaces and, by virtue of its viscosity, develops 
a positive fluid pressure in the converging film. No such pressure can 
be developed between parallel surfaces. The discovery of the converging 
film has made possible important developments in lubrication. 

Alichell, inspired by Reynolds, invented his famous thrust bearing. 
The fundamental principle incorporated is a series of pivoted pads or shoes 
so arranged that they produce a converging film of oil. The pressure 
within the film will carry enormous loads. It is particularly applied in 
the larger hydro-electric and marine installations. 

What is the “ most suitable Lubricant ’ ’ ? 

Film lubrication need not be a chance affair. .Sufficient is known to 
enable engineers to calculate the correct size and geometry of a bearing for 
a particular job. However accurately a bearing is made, it cannot 
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function perfectly the most snitable iiibrieaiit. Tiie t\\j.res>i. in 

“most suitable lubricant'’ is not meant to imply that there is only i*ne 
best lubricant for any one specitic purpose. It is meant to eiiifiiiasise 
that as much care should be given to the selection of tiie lubriea iit as to the 
design of the bearing. The term “ suitable ” is chosen deliberately to 
differentiate between suitability and quality. A quality oil is one wiiidi 
is well refined. The most suitable oil for a specific pur|x>se, however, may 
not he a quality oil, but one chosen for some special charaeterisTie. whiek 
may be low coefficient of friction, high viscosity index, or pe*riiaps high 
film -rupture strength. 

Changing from Thiri to Thick Oil 

So far, consideration has been given only to one type of tiuid. A thin 
oil will flow through the clearance more rapidly than a thick oil. To 
maintain the pressure, therefore, more of the thin oil must be pmii|;>ed. 
On the other hand, when a thick oil is used, less must be pumped. Con- 
sequently, if a car engine is set for a thin oil and it is decided to change 
to a thick oil, it may be necessary to readjust the pressure relief valve. 

“ Thick and “ Thin ” Oils and their Effects 

The terms “thick ” and “ thin are relative, and not definite. The 
scientist has therefore introduced methods to determine these character- 
istics in absolute units, which he describes as viscosity. Viscosity may be 
described as the resistance of a fluid to flow or to a shearing stress. In a 
bearing, the oil film is subjected to a shearing stress by the journal 
rubbing against it. When the viscosity of the oil is low the film is easily 
deformed and the fluid friction is low. Conversely, when the viscosity is 
high the fluid friction is high. As friction is usually manifested in iieat 
production, it follows that any unnecessary^ fluid friction results in higher 
bearing temperature. This single fact emphasises the advisability of 
using as low a viscosity oil as is consistent with running conditions. A 
closely fltted bearing with small end leakage can operate successfully 
with a low-viscosity oil, provided the film pressure is maintained by an 
adequate supply of oil. An added advantage to tbin-oil lubrication is 
that the bearing is kept cooler, by virtue of low fluid friction and by the 
rapid dissipation of heat conducted to the bearing by the large volume 
of oil passing through it. Further, the life of a bearing metal is greatly 
extended if it is kept at a low temperature. There is considerable evidence 
that wlute-metal bearings suffer rapidly from fatigue under high tempera- 
ture conditions, crack, and ultimately disintegrate. A thick oil may he 
eniplox^ed when the rubbing speed is low, and when the feed is reduced. 

How Viscosity of an Oil is Measured 

Viscosity is commonly measured hy noting the time fora given volume 
of oil to flow through a narrow tube. In the petroleum industry the 
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viscometer consists of a metal container, 
similar in sliape to a cvlmdrical tin box, witli 
a short length of capillary tube fixed in at 
the base. The oil in the container lias its 
temperature adjusted by a surrounding batli, 
filled with water or oil wliich can he heated 
or cooled at will. After the temperature of 
the oil lias been adjusted, a given volume is 
allowed to How through the capillary into a 
glass graduated flask, and the efflux time is 
noted. 

In Great Britain and the II.S.A., where 
the Redwood and the Sayholt viscometers 
are used respectively, the viscosity is stated 
in the number of seconds required for the 
outflow of 50 c.c. 

The Germans favour the Eiigler inodihea- 
tioii, and express the result as a multiple of 
the viscosity of water. 

These methods of expression are purely 
arbitrary and have no scientific basis. The 
best that can be said for them is that relative 
terms as thin and “■ thick ” can be classified 
numerically. For purposes of scientific 
lubrication a matlieniatical expression is 
essential, and is axmilabie. Sometimes the results are given in centipoises, 
but the more up-to-date unit is the centistoke. Such absolute units are 
measured in scientifically designed viscometers. 

How Viscosity changes with Temperature 

Tiscosity being a propierty subject to tempieratiire variations, it is 
essential to record the temperature at which the viscosity is measured. 
Very approximately the viscosity of an oil falls 2 per cent, per degree 
Fahrenheit rise. If, instead of giving the percentage change, tl^e viscosity 
is plotted against teinjierature, on graph paper, curves can be drawn which 
will give a pictorial re]3resentation of the change of xfiscosity with tem- 
perat lire. Oils with a large change will have a steep curve, and those with 
a small oluinge will have a Hatter curve. Hence jieople speak of oils with 
a steep or a flat viscosity curve. Again a diHiculty arises — how steep or 
how Hat ? The jirohlem is at the moment surmounted by resorting to 
iiiimerical values. As Penn.sylvanian oils have Hat carves, they have been 
given a value of 100. and the steep-curve oils, such as the Coastal, a value 
of 0. By a giaphical method, coinjiariscms with these two classes are 
possible and the result is given as viscosity index. 

It would he improper to suggest Avhat the viscosity index of a good oil 
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should be, in \'iew of price eun- 
sideratioiis and otlier t actors. 
Sutfiee it to say that popular 
proprietary grades of motor oils 
\'ary from 85 to 105 according: tu 
their viscosities. 

Why Lower-viscosity Oils are 
gaining in Favour 

Thiougli improved forced-feed 
Iiihricatioii combined 'vvitli better 
engineering practice, iower- 
viseosity oils are gaining in favour, 
not merely as a fashion hut as a 
scientific possibility . Reference 
has ah’eady been made to the 
reduced fluid friction in thin oils, 
and to lower bearing temperatures. 

It must now he apparent that as 
high-viscosity index oils are in use, 
a considera ble sacrifice of viscosity 
at atmospheric temperature is 
permissible without loss of vis- 
cosity at the working temperature 
of the engine. A few examples will 



lig. 3 . — VlSCOSITV ANH TE.MTEr.AXlTvE 
CUPVES TOR OILS 

This sliOAvs the eininge in viseo.«'ity with 
temperature tor a imniber of diJforeiit oils. 

make this clear. 


Viscosity Indar Vit^cosity at 70 ' F. F. 


l, 5 Ul) seconds, Ketlvvaoil 


370 eentistokcs 

15 ist*'-'ke> 

2 ,t )00 seconds. Redwood 

60 Hcdvvc 

640 eentistokes 

15 eeiitif>lOa\t'S 

77)0 seconds, Redwood 

53 i 

185 centistokes 

lu i 

1,300 seconds. Redwood 

53 ^ 

3:20 centistokes 

ItM 


Lubrication at the Moment of starting the Engine 

At tlie moment of starting a petrol engine, the moving parts rely 
the residual oil on tliem for their lubrication. Be lore they seiuire lui 
efficient fllm, oil must be pumped and delivered. The spech nt deliv’crv 
is controlled h}’ the viscosity of the oil at the teiu[)enitiire o! starting. At 
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II verv ii»\v tenifferat lire the tui may be viscous as to be unpuinpable. 
At a lilglier temperature pumping beeoiues possible, but its projection 
to tlie pistons takes several tuinutes, and tiiialiy a temperature is reached 
t(* permit rapid circulation. Tern ['*e rat tire and viscosity are so linked that 
they must be considered together. Witli descending temperature the 
oi! ahvays increases in vise(»sity, and ultimately becomes like a non-fluid 
petroleum jelly. It is essential, therefore, that there shall be set a 
maximum viscosity at the lowest starting temperature, in addition to the 
minimum viscosity at the working temperature. 

The user need not in general worry about these facts, because they are 
agreed between the engine builder and lubricant producer. An oil in the 
temperate zones must nowadays be satisfactory down to 10° F., and even 
lower. Por arctic temperatures specially low cold test oils are necessary. 

The Oiliness of a Lubricant 

Oiliiiess of a lubricant is an essential qualification about which little 
is accurately known. Afaiiy attempts Lave been made to measure it, 
without miicli success. Tins need not eliminate its consideration. In 
film lubrication, however, fluid friction is the main factor, simply because 
the metal surfliees are too far apart to be influential. That is not so when 
the surfaces are an infinitesimal distance apart, when film lubrication has 
given place to boundary lubrication. Boundary lubrication depends 
upon the ability of the lubricant to adhere to the metal surface. An 
insufficient adherence renders a fluid a non-lubricant. To explain why 
some fluids possess adherence and others do not involves scientific explana- 
tions wliicb are outside the sphere of this article. Suffice it to say that 
every substance is composed of very minute particles called molecules, 
some of which are attracted hy the molecules of another substance, in 
much the same way as iron filings are drawn to a magnet, and held there 
until a force greater than the magnetic force is applied to push them off. 
Thus the adsorbed layer of a lubricant has a film-rupture strength equal 
to the attractive force between the oil molecules and the metal molecules. 
Any force greater than this breaks the film and allows the two opposing 
metal faces to come into contact. The oil molecules arrange themselves 
in a very definite way on the metal surface. Petroleum molecules stand 
vertically, and simply bend over when a rubbing force is applied, like the 
bristles in a brush. Fatty acids, on tlie other hand, orient themselves 
at an angle of about 04 ' , and incline to an angle of about 5° when a rubbing 
force is applied. Furthermore, the fatty acid nioleoules form small units 
of five molecules, arranged with one molecule at each corner of a rectangle 
and one in the middle. This specific grouping draws an important dis- 
tinction between petroleum or hydrocarbon lubricants and fatty oils 
which are compounds of bitty acids and glycerine. The static friction, 
or friction at the moment of starting, is of the order of 03 when using 
hydrocarbons, and about 0*1 with fatty oils or acids, except in the case of 
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castor oil which is about 0-03. The lowco-etticieiit of iVii'iioii of fatty oil- 
renders them exceptionally usefnlin boundary luln‘it*ati<jn. Ti peculiar 
property of the orieiitatioii of tatty oil iiiuleeuVs is emf hasised 1 the lact 
that as little as 1 p)er cent, of Bitty oil in a petroieiiiii oil will irivT* a static 
friction equal to that of the fatty oil. due to the selective adsorptiuiictf tlie* 
fatty oil by the metal surface. Under rumiinsi conditions siieli a sinau 
amount of a polar body may be inadecpiate to |»rovide the iiecessarv 
oiliness. 

Extreme-pressure Oils 

Until recent years any force greater than that which would rupture 
an oil film could only be met by introducing into the oil grapiiite, mica, 
or some other solid lubricant. kSoIM lubricants, howei’er, present ditii- 
cultiesiii application^mamly owing to their tendency to separate from an 
oil. Naturally, the finer the solid particles are, the longer will they remain 
in suspension. To obtain, therefore, the best suspension, the particles 
should be exceedingly small and the oil as viscous as is coiireiiiently 
possible. The introduction of the hypoid gear into rear axles has focused 
increased attention on fihn-rupture strength. Although the hypoid gear 
is not extensively used in British cars, it is used freely in American cars ; 
hence it is incumbent upon students of lubrication to taniiliarise themselves 
with this innovation. The characteristic of a hy|3oid gear is the high 
tooth pressure together with considerable rubbing or sliding. This com- 
bination of forces strains the lubricating film even to destruct ion , depictin g 
the result in a pitted or scuffed metal surface. To ov’ereome the rupture 
of the oil film, certain compounds of sulphur, chlorine, or phos£)horus can 
be added to the oil. Such compounds do not in themselves act as lubri- 
cants, but produce on the metal surface a piartieular form of oxide which is 
quickly transformed into a very hard and very thin layer or coating wliiL-ii 
is known to scientists as a Beilhy layer. This layer carries the hiirden very 
efficiently. Hypoids have developed, and t!ie loads inteiisitied. with the 
result that the mild extreme -pressure lubricant has become insufficient for 
the latest development. The still more active liibricaiit is known as tlie 
hypoid lubricant. Research is now revealing that if a better finish is 
produced on the rubbing surface the hypoid lubricant is mu so essential. 
The drift, therefore, seems to be backwards towards the mild extrcme- 
y>ressure oil. The application of this])rinciple to engine oils is cunnBrated 
by the high temperature of the piston. It is tcK.i early to reconl siuvesscs. 
Suffice it to say that much encouraging research has been dmie. <and itfiM 
extreme-pressure engine oils can be produced. 

Carbou on the Piston Crowns 

An oil in its travels in an internal-combustion engine cm > irai tors licai. 
hot air, exhaust gases, and metal surfaces. Inclividuaily and t/ulbai ivcly 
they decompose the oil. The oil is pumped trom the cicaine sunin thf^mLili 
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the rniriksliaft to the hearinirs:, and then shot out with siitHeient velocity 
to atomise it and [>rojeet it to tiie cylinder walls, where it is picked up hy 
file |;dstoiis and transported to the hot zone at the top of the piston travel , 
where it is exfH^sed to the flame of the burning fuel. 

There is a belief that the incande.seeiit gases burn the oil. and leave a 
solid residue of earboa on the piston crown. Certainly the deposit is 
black and has tiie a]>pearance of coke, but ap}>earaiices may be proved by 
scdentilic methods to be misleading. Cliemieal analysis has proved that 
com bust ion -space carbon contains up to 21 per cent, of combined oxygen. 
This revelation is of great importance, because it reveals the fact that the 
so-called “ carbon is neither carbon nor coke, but highly oxidised 
hydrocarbons. If it were coke it would be almost 100 per cent, of ele- 
inental carlxm. Carbon being insoluble in organic solvents such as 
|)etro]. benzene, and chloroform, has misled people into believing that if 
the eonibustioii-spaee deposit is intimately mixed with benzene or 
chloroform to extract anything which is soluble, the remaining insoluble 
portion is carbon. 

Chemical analysis of this insoluble matter has shown that it may 
contain up to 35 per cent, of combined oxygen, so it is material which is 
even more oxidised tlian the soluble portion. How much free carbon is 
present in the deposit is exceedingly difficult to estimate. In Diesel 
engines oecasionally the total carbon, which must include combined and 
free, is uiiiisually high . This strongly suggests that free carbon is present . 
The presence of free carbon would be expected when black smoke is being 
emitted from the e.xhaiist. Generally the composition of Diesel-engine 
deposits is similar to that of petrol engines. 

Methods of improving Lubricating Oils 

The petroleum industry has spent vast sums of money on research 
to iin])rove lubricating oils. The three priiicii)al lines of attack have been 
reiiiiing, alteration, e.g. hydrogenation, and use of inhibitors. During 
the last few years the revolutioniii methods of reflning lias vastly improved 
the oils in a variety of ways. The demand for longer intervals between 
oil drainings and decarbonising has led to the production of oils which are 
more iimiiuiie to (»xidation. Rertning removes the constituents of petro- 
leiini which are readily susceptible to oxidation, hut over-refining robs 
the oil of valuable ingredients. A line of demarcation betw'een refining 
and over-ref iiing is consequently necessary. The position of this line 
is sonietinies exceedingly difficult to locate, owing to the balance of require- 
ments. Siqipose that an engine is designed, either inadvertently or pur- 
posely, to rely on boundary lulirication, a full quota t)f oiliness compounds 
must be left in the oil ; alternatively, if it be construeted for eoiuplete 
tiliii lubrication, a little ov’cr-ref ning is ])erniitted to limit oxidation. A 
compromise is sometimes obtained by adding oxidation inhibitors. Yery 
little success has been obtained with those organic inhibitors wliieh retard 
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the eomltiiuxtiuii of liydr* tfarhuiis with atiin 'vpaerie nxyueu. ihvaier 
siiiecess appears to have been reached by the aeiditiuii itf met a IHc -i.uys to 
the oil to eliinifiate the auxiliary ox:idish\g intiiierice t;>i‘ the iron >iirfaee,^. 
Iron and copper, either in the metallic state or a> ori;‘aiiC»- metallic eoin- 
poimds, have a proriouneed deleterious act ion on all liila'icatiici cdis : Lei it- e 
aiivtliiiig which can be done to cheek their activity will re^lllt in greater 
longevity of tlie oil and cleanliness of the engine. I'iironiiuni and tin 
plating are being studied with the same object in view. 

Ring Sticking and Sludge 

Ring sticking and sludge in the crankcase are other nianiie stations of 
oil oxidation. Ring sticking is frequently attributed to an excessively 
high temperature. It has been found, however, that if the fault cannot 
be cured by a change of oil, or a reduction in temperature, considerable 
relief can be attained by the use of tapered rings. Such a ebange necessi- 
tates a change of piston to accommodate the special rings. This change 
may not be convenient, so it is pleasant to remember that ehemical com- 
pounds, called detergents, can be added to the oil to keep the deposit from 
forming in the ring grooves. Some care is necessary in .'ieleeting these 
compounds, because they do not all behave amicably with eopper-lead 
or cadmium -alloy bearings. 



SYSTEMATIC FAULT DIAGNOSIS 

Bi S. G. JiraDY, 5I.I.E.E., A.M.I.A.E., M.I.M.T. 

W HEN a ear owner visits a garage and complains of missing, slug- 
gi^h engine, poor acceleration , hard start ing, etc. , the correct policy 
is immediately to cheek over the car, using the proper equipment 
and following the correct system, so that the owner can be shown the 
causes of his trouble — in other words, the alteration wliich has taken 
place from original standards of adjustment, and wirat replacements or 
repairs are necessary to restore the standards and therefore restore 
jyerforinanee. 

The same policy can, wherever possible, be follow^ed when a car owner 
asks for his plugs to be cleaned or carburettor to be adjusted. It should 
be recognised that the reason the car owner asks for this service to be 
carried out is because he has noticed a falling-off in the performance of his 
ear. Had a loss of performance not been noticed, it is improbable that he 
v'oiild have asked for the adjustments to be made. 

The owner may feel that all he needs is to have the carburettor ad- 
justed or plugs cleaned ; what he really needs and expects is to have the 
performance of his car restored.” 

With modern ec|uipment it is an easy matter to check over any car in a 
systematic way in order to determine the service needed to restore 
performance. 

It might be thought that such a complete examination would take too 
long to be practical. This, however, is not the case, because, provided 
the correct instruments are available and the proper system of testing 
is followed, it is possible to make a complete examination of any car in 
from thirty to sixty minutes, according to the type of car and the number 
of cylinders. 

The Essential Equipment 

The essential ecpiipinent required to do this is : 

(1) A vac'uuni gauge, for checking engine mechanical condition and 
cylinder balance : for verifying condition of ignition and carburation, 
and for checking and resetting ignition timing and carburettor adjust- 
ment . 

(2) A voltmeter, for checking the ignition system, contact-breaker 
points, and for making electrical tests, etc. 

(3) An ammeter, for* clicckiiig battery consumption, ignition-coil 
con8Uini)tion, and for making electrical tests. 

304 



SVSTKMATIC lAAULT DIAdXOSIS [vul. iv.J :Jii5 


(4) A spiirkineter, for chtvkin^ ignition high -tfiisiDri jsysttMii, anil test- 
ing and adjusting s])arking [>lugs, etc. 

Testing and Tuning Chart 

Illustrated is a complete cdiart whicli outlines an easy and [>rijve<i 
method of cliecking ov^er any car in a systematic way. This chart siiow s 
the sequence of the Tarioiis tests, gives diagrams of the connections, iii- 
<licates the readings for normal performance, and also giv^es indications of 
any trouble as sliown hy incorrect readings. 

Test should be carried out in the same sequence as given in the chart, 
iuid as follows : 

1. Battery and Starter 

Make connections as indicated. With ignition o:n, (operate the starter 
a! id note the reading on the voltmeter. If the voltage is less than D/H) 
volts with 12- volt system, or 4^/5 volts with 6- volt system, it indicates a 
defective battery, starter cables, or earthed connections. 

Test 1 (a). — At the same time as the above test is made, the ammeter 
(GOO-amp. range) can be connected in series with the starter to battery 
cable, or if a “ Tong Test ” ammeter is available, it can be clipped around 
the starter-to-battery cable and a check of the current coiisiiniption made. 

The consumption should be compared with the standard figures for 
the type of starter and, if excessive, the starter should be examined. 

If topping-up or recharging or reconditioning is required, advisee 
customer. 

2. Engine Mechanical Condition 

This test verifies the mechanical condition of the eiiguie. It is made 
by connecting a vacuiuni gauge to the induction manifold. IVnll and tap 
the manifold 3BA, using a drill smeared with grease, inserting the attatdi- 
nieiit in the vacuum-gauge hose, and .screwing this into the tap])ed hole in 
the induction manifold. 

With the throttle completely closed and with the lead to the coil 
SW ” terminal still discoiineeted, as in tlie preceding test, carefully note 
the vacuum reading. This should he a{>})roximately as follows : 

Wdtli a single carburettor — 15 in., with slight even pulsation. 

With a twin carburettor — 12 in., with slight even pulsation. 

With a triple carhurettor— 10 in., with slight even [uilsatiou. 

If the reading tiiietuates in e.xcess of about 1 in, or is irregular, it in- 
dicates vuilve trouble. A low and unsteady reading als<,) indicates valve 
trouble. If the reading is low and steadv' it suggests air leaks in tlie 
induction system. The carburettor should be checked. If the reading 
is unduly high, a compression test should be made, as it suggests possibility 
of bad bores. 

M.R.O. IV. — 20 
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TESTING AND TUNING CHART 


IGNITION •/] 



it OH 


I. BATTERY AND STAKTEH 


SWITCH IN 
30 V. POSITION 



- 3- • 

O' 


iL4. 


?'HAi5lS t ATITH{ 


It* »*U WlBf 1» STMIWI 


A. I)is(‘OiincH*t lead from “ S\\’ 
terminal of ignit ion eoil and re- 
c-unneet it to one lead of 
Yolt met er . 

Ix Clij) tong-test ammeter round 
“ starter to battery ” lieavy 
oablo. 

C’. With ignition on, operate star- 
ter. Note voltage reading on 
voltmeter. Note current read- 
ing on amrnoter. 


If VOLTS Rmri— 

- LESS than 9/ 10 VOLTS 

(l^-v’olt system) 
LESS than 4| /S volts 

(6- volt system) 

Jf AMTS Bead— 

ABOVE NORMAL 


IK'DICATES— 

Defective battery, starter cables, or 
earth connection. 


INSPECT— 

Starter, starter switch, and starter 
cables. 


2. ENGINE (with engine warm) 



A. Connect vaeiuiiii gauge to intake manifold. 

B. Coniphtifi/ close throttle. 

C. "Witli lead to coil “ S\V ” teiininal still discon- 
nected, press starter and note leading. 


Correct Bead i ng : Stead gar va hj ,s7 iyh t a n d regu la r jni Lsa - 
iio7LS, at folium ng lercli-i — 


SINGLE Carburettor If) in. 

r \\1 N Ca rbiiret tor 1 1' in . 

TRIPLE Carburettor 10 in. 


Jf mJAMSa— 

FLUCTUATES in excess of normal pulsation 
LOW AND UNSTEADY 
LOW AND STEADY 


JMJICA TES— 

Valve troubb*. 

\’'alvo trouble. 

Air leaks in iiuluctiuii ; 
c ] lev k <• ar b u re 1 1 o i* . 


UNDULY HIGH 


Cht-'i'k for bad bores and 
redioring (eontirm by 
compression test). 
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Testing and Tuning Chart cnntltuied 

3. II JNITIOK 

A. (‘«.ninont ono ftiniri€‘tc*r Itrnci to diseoii- 
iw.'ted wire from roil S\V tenminal. 
13. (\inn«x*t other aiiiiiieter lead to the 
coil‘*lS\V ’’terndnal. 
f'loti*? the t'oiitaet -breaker and, 

with origiiio atationarv% the 

aiiimoter rt'adiiig. 

Correct jHentiing^ : 

l‘2.volt j^ystern. lUvolt 

2| amps., with variation not more than 4 ampn., with viiriatinn not more than 
2|to 2 1 amps. :i| to 4 1 amps, 

TJ MEADIMG iV ~ 2SDICA TKS— 

HIGH Hefendivo ignition c-oil or short -eireuita 

LOW Defective <*antaet -breaker pmints, poor 

connections, broken wire, or Imd earth. 



4. DISTRIBUrOE 



A. Beconnect ignition switch leewl to 
coil “■ 8VV ” terminal. 

B. Connect one ammeter lead to con- 
tact breaktT and the other lead to 
earth . 

€. See that cont»iet-l)reaker ]>ointa are 
still closed and voltmeter switch t^et 
in 3- volt i;)ositiun or 15(1 railliv'olt 
position if voltmeter lia.s milliv'olt 
scale. 


IJ VOLTS Mead— 

NOTGRBlArER than ()-{>5 volts (50 millivolts 
DVHR (1-05 volts (50 millivolts) 

OVKR 0 075 to Od (75 to 100 millivolts! 


IS Die AT ES— 

I’outact points efticnent. 

Oontat't points netxi 
cdeanirig. 

(.'hock distriloutor f»r 
louse connectktns, eori- 
ta<‘t- breaker points for 
inljiistiiieiit or replace- 
ment . 



5 . CARBUREn’OR 

S. With vacuum gauge connected to intake raanifold (as in 
Oper*atioa No. 2), run. eriyine at idling; speed and note 
reading. 

13. Adjust carburettor sK)w-runiiing jet for highest steady - 
v’aemim reaclitig. Give “ hurst of sjavil and note 
effect. 

Jf vacuum heciunr.s more .steady, try adjust itiii car- 
h\irtdtorat slightly liigher idling s}wvil. 
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Testing and Tuning Chart -row/ 


0. BALWTED RrNNi:XG 

A. With vacuum gauge corin<H*tcHi as in previous operation, short-circuit each 
cylinder in turn with sc-rewdriver and note drop in vacuum reading as each cylinder 
is cut out. 

jSix- or E iff ht -cylinder Enffines : When testing six- or eight-cylinder engines, two 
or more plugs can he earth^ in turn t-o throw engine temporarily out of balance for 
clearer indication of vacuum drop per cylin<ler. 

Jf VACUUM GAUGE Eeadu— INDICATES— 

ANT ONE cylinder giving smaller drop than others . Check for trouble 
TWO OR MOEE cylinders giving small drop . XTsually valve trouble. 
Note , — When only one cylinder gives smoll dro^ — cheek for poor rings. (Com- 
pression test can be used to diagnose cylinder condition.) 


7. ELECTEICAL 



A. Connect one voltmeter lead 
to ignition coil “ CB ” terminal 
and other to earth. 

B. Run engine afc fast idling 
speed and note voltmeter 
reading. 


1/ VOLTS Bead— INDICATES— 

HIGH Wide contact-breaker points, charging 

rate too high, loose, dirty, or corroded 
charging -circuit connections. 

ENSTEABA^ Mechanical distributor fault. 


LOW . . Contact points too close or poor connec- 

tions in ignition low -tension circuit. 

8. HKIH TENSION 

A. Disconnect each plug lead in turn. 

15. (Vinncct one sparkmetcr lead to the 
end of the plug lead and the other 
sparkmetcr load to earth. 

C. Set tht^ sparkmetcr gap at 7-S inrn. 
aiul if the sparking at th<^ gap is 
regular. 


INDICATIONS 


Important. — Sj-arking should be unifum. 


If MISSINC- 

INDICATES— 

On ALL Lc^ads ..... 

Defective ignition coil, con- 
denser, contact breaker, or 
clistr-ibutor rotor. 

On ISOLATED Leads 

Defective distributor cap or 
defective plug lead. 


Note . — In all cases involving the use of the sjiarknieter, the lead coimected to the 
*' live ” side (non -adjustable point of gap) should he eiuineeted to the “ feed ’’side of 
the high-tension circuit (nearest the coil). 
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Testing and Tuning Chart -continued 

9. SPAHKl\'(i PLUGS 


S, PAR KIMETER 



A. ( Virinet't one sparkiiieter k'a^l to 
plug terminal in turn ami tin' other 
Mparkriieto-T lead to earth. 

B. (i> Adjust nparkiiu ‘ter gap to 4 inni. 
(ii) A<ljuHt gap ti) l-“i| inm. 


IM)WATr<JX.^ 

METKR tlAP set at 4 mi u :N() SPAKK. 

METER GAt^ set at l~ 4 null. . . . REGULAR SPAHKI:NG. 

Note . — There sliould be regular tlashiiig at iieeii tub© in l>oth cases. All plugs 
uniform. 

Jf FLVGS-^ INDICATES - 

Do nob comply with those coiKlitioiis . Plugs should be cleaned and 

adjusted or replaced with 
new’ plugs of correct type. 

In Home cases regular sparking is ditlicalt to olitain at 1-1|- tiun. In such castes 
accelerate the engine, anti if rt'gular sparking is obtained daring the accelerating 
period the condition of the plugs can in most cases be aect'pted as satisfactory. 

la. PINAL TUNING 

A. Make final adjustments to carburettor as in Operation No. 5 until highest 
steady -vacumn reading is obtained. 

Xlichon carburettor until you see the vacuum needle just alnuit to drop ; 
this is the point for maximum power and acceleration, 

B. Slacken distributor head and advance or retard ignition until highest steady 
reading on. vacuimi gauge is obtained. 

C. Tlien retard ignition until the vacuum gauge drops approximately down to | in. 
THIS COMPLETES THE TILV/AG SEHl'KrK. AND THE CAP <’AX NOW FiE 
HANDED 0 VEIl WITH HErOHTOEANY FCRTHEH SERVICE REq CIRED 


3. Ignition Test 

This is a test of coil consumptioii which will indicate the general con- 
dition of the ignition susteni. Connections should be made as indicated. 
Close the contaot-hreaher points and, with the engine st at ionarv, note the 
ammeter reading. With a 1:2- volt system it shuiild he within 2] to 2^ 
amps. With a G-volt system it should he within to 41 amps. 

If the reading is high, it indicates a defective ignition coil or short - 
eirciiits. If the reading is low, it indicates defective contact-breaker 
points, poor connections, a broken wire, or bad earth. 
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4. Distributor (Contact Points) 

Make eoniieetions as indicated. With the contact-breaker points 
closed and tlie voltmeter switch in the 150-milli-volt position, note the 
reading. If this is not greater than oD- 75 niilli-volts, the eoiitaet points 
can Ik? passed as efficient. If the reading is t)ver 50/75 niilli-volts, the 
fKiints require cleaning. If over 75 to 100 niilli-volts, the distributor 
should be checked for loose connections and for cleaning and adjiistineiit 
or |»rol)able replacement of the eoiitaet-breaker points. 

5. Carburettor 

With the vacuum gauge connected to the induction manifold, as in 
Check No. 2, run the engine at idling speed and note the reading. Adjust 
carburet tor slow ‘running jet for the highest steady-vaeuuin reading 
which can lx? obtained. Give a “ hurst ” of speed arid note the effect. 
If the vaeiiiun becomes more steady, try adjusting the carburettor at a 
slightly higher idling speed. 

This is only a prelinihiary adjustment. Pinal adjustment is made iu 
Check No. 10. 

6. Cylinder Balance 

With the vacuum gauge still connected as in Cheek No. 5, short- 
circuit each plug in turn with an insulated screwdriver. Note the drop 
in the vacuum reading as each cylinder is cut out. When testing six- or 
eiglit-eylinder engines, t w'o or more plugs can be eart hed in turn to throw 
the engine tem]K)rarily out of balance, wbicb will give a clearer indication 
of vacuum drop per cylinder. 

If the engine is ])rojKuiy balanced, the vacuum drop should be uniform 
for each cylinder. If any’ one or more cylinders give a smaller drop than 
others, a further examination should be made for trouble. Details 
will be found in the section How to make a Coinp)lete Analysis.” 

7. Electrical Check 

Make vultineter eoniieetioii, as indicated, with voltmeter at 3<J-volt 
range. Run engine at fast idling speed. The vultineter reading should 
be apjiroxiinately half the battery voltage, and steady. 

If the voltmeter reading is high, it indicates wide contact-breaker 
points, charging rate too high, or loose, dirty, or corroded charging- 
circuit connections. 

If the reading is unsteady^ it indicates a mechanical distributor fault. 
If the reading is low', it indiccites contact points too close, or poor connec- 
tions in the ignition low-tension circuit. 

8. High Tension 

Disconnect each plug lead in turn and connect one sj^arkmeter lead 
to the end of the plug lead and the other sparkmeter lead to earth. With 
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the sparkmeter^^apat 7 to K nun., sparkiii<j should Ih^ re^uiar iuul iiriiform 
for all leads. If inissirio takes place on all leads, it indi(*ates defect ive 
ignition coil, (‘omlenser, contact -breaker jH>iiits, or distrihiitor rotor. 
If missing takes })lace on isolated lends, it indicates defective distributor 
cap or ])lug lead. 

Whenever the s})arktiieter is used, the lead eoiineeted to the 
live side (iion-adjustable point of the gap) should l)e eoiineeted to the 
“ feed ” side of the high-tension circuit (nearest the coil). 

9. Sparking Plugs 

Connect one sparkmeter lead to eac*h fdiig terminal in turn and the 
other sparkmeter lead to earth. 

With the sparkmeter gap adjusted at 4 mm. there should be regular 
flashing in the neon tube, but no sparking at tlie sjiarkmeter. 

Now reduce the gap to 1 to 1| mm., when there should l>e replar 
flashing at the neon tube and regular sparking at the sjiarknieter gap. 
If the plugs do not comply with these conditions, they should be removed 
and cleaned and adjusted, and, if this does not overcome tlie difficulty, 
replaced. 

Note.~~J^ regular sparking is difficult to obtain at 1 to 1| mm., ac- 
celerate the engine ; if regular sparking is then obtained, the condition 
of the plugs can, in most cases, be accepted as satisfactory. 

10. Final Tuning Adjustment 

First make final adjustment to the carburettor, as in (Tieek No. 5, 
until the highest steady-vacuum reading is obtained. Richen the car- 
burettor until the vacuum needle is just about to drop : this is the point 
for maximum power and acceleration. Slacken the distributor head and 
advance or retard tlie ignition until the highest steady reading on the 
vacuum gauge is ohtained. Then retard the ignition until the vacuum 
gauge drops approximately down to I in. 

The service includes both these adjustments. 

This completes the " tuning service,” and the car can now lie handed 
over to the ear owner-— with a report of any additional service recom- 
mended . 



STARTER DRIVES 

DESIGN, OPERATION, AND SERMCE INFORMATION 

Bji E. T. LAWSON EELllR 

T HP] drive or coupling betAveen the starter and the engine must 
aeliieve tlie purpose of initial engagement, Avith a degree of 
elasticity in order to absorb the sudden stress Avlieii the rotating 
arniatiire shaft becomes meshed Avith tiie stationary flywheel, and 
automatically to disengage the drive when the engine starts and overruns 
tlie starter. 

The “ Bendix Drive 

The “Bendix'' drive, develojied from early designs, eonpirises a 
sleeve with a quick ” square thread on which the pinion rides, the latter 
lieing threaded internally to correspond to the sleeve thread, like a nut on 
a l>olt. The sleeve fits over the armature shaft but is not secured to it. 
A driving dog is keyed to the shaft, and the flat steel coil-spring links the 
dog to the sleeve by studs screwed into eacdi, ronnd Avhich spring ends are 
looped. The dog stud has an extension entering a hole in the shaft to 
act as a locating peg, while the sleeve stud has no extension, and clears 
the shaft. The inward side of the driving dog is formed Avitk a flat on 
each side, while a corresponding collar is located in a grcoA^e on the sleeve, 
these being engaged like a dog clntcli, the other end of the sleeve being 
closed by a riveted-on ring. The inward side of the jiinioii has a I’iiig 
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riveted on, one side beiii^x niacdiined, so that the {HTipliewl wcd^dit is 
unequal. A small sja'in^-loaderl pin prejeets a hole in th€^ ring 

and hears on the sleeve. Imo. I shows aii out line of t he eoristriic*t ion . 

Operation of Bendix ’* Drive 

VYlieii the starter aeoelerates from rest, the unbalanced inertia of the 
weighted pinion causes it to lag liehind in s}>eed. so that the sleeve, in 
eti’ect, screws out of the })ini<>n , and t he latter advances , nuvts. and niesiies 
Av ith the flywheel teeth , st‘rew’ing hard against the skn^ ve (‘oHar. The pinion 
and sleeve meet the resistanee to rotation of the tiywdieel aiul, the drive 
being transmitted from shaft dog to sleeve through the spring, the latter 
tends to wind up, providing resilient coupling. The dog cluteh allows 
the sleeve to slide on the shaft to a limited extent. 

When the engine starts, flywheel resistanee to the drive is removed, 
and tlie engine overrun causes the pinion to rotate faster than the sleeve 
and starter shaft. The pinion immediately screw's back and retreats out 
of mesh, disconnecting the drive. 

When the engine is running and the starter at rest, the pinion is 
restrained from travelling along the screw' by the pressure of the spring 
])hinger peg, which wedges the pinion on the screw tightly enough to 
prevent ‘‘ creeping ’’but allowdng inertia action to urge the pinion forward 
on starter acceleration: the unbalanced ring- weight “ unwredging ” the 
thread. The principle is the same for both out board and inboard designs. 

Lucas Compression Drive 

The same purposes are achieved in a different manner in the Lucas 
compression drive, the spring in this case cushioning the drive hy com- 
pression instead of by torsion. Fig. 2 shows an inboard drive of this tyqK". 
The shaft is splined, and the scre^ved sleeve internally cut to a sliding 
fit on the shaft, the splines ensuring positive rotational coupling. Tliere 
is no riveted-on collar, the inward end of the sleeve being oj>en. Tlie 
pinion moves spirally on the screwed sleeve, hut has no inertia ring-weight 
or spring plunger. A heavy coil-spring is fitted between outward end of 
sleeve and shaft nut. The shaft drive-end hearing journal is in the form 
of a flanged barrel ])rpssed on the shaft, and a hard steel thrust-ring is 
interposed between the open end of the sleeve and the outer edge of the 
journal. When the shaft nut is screwed home and cotter-pinned to the 
shaft, the spring is slightly compressed. A running clearance* is allowed 
between thrust-ring and bearing face. 

Operation of Lucas Compression Drive 

When the starter accelerates, the pinion lags through its own inertia, 
advances along the sc*rew and meshes with the flywheel, w hen resistaiifc 
to rotation causes tlie pinion to hear lianl against thrust -ring and hearing 
joiii’iial. ( V>ntinned turning effort of starter tends to snew the .sleeve 
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Fig. 2. — COMFRESSIOTI DRIVE (IKBOAJID PATTERN-) 


out of the pinion. As the latter cannot move farther endwise, the sleeve 
moves along the shaft, compressing the spring against the shaft iint — the 
nut also having a hard-steel thrust-ring. This provides a degree of 
cushioning to absorb the torsion strain on initial engagement. 

When the engine starts and overruns the starter, the pinion accelera- 
tion eases the thrust pressure, the sleeve screws in under spring pressure, 
and the pinion rotation causes it to screw back and retreat out of mesh. 

A Later Type 

A later variation, now common^ used , is shown in Rig. 3 as an oiithoard 
drive. A bearing collar replaces the shaft nut, the thrust direction is 
reversed, and a pinion guide sleeve is fitted, with shorter screwed sleeve. 
A light wire spring is interposed between the bearing collar and pinion, 
embracing the guide sleeve. The spring is compressed by the pinion 
travel on engagement, but assists the retreat of the pinion and prevents 


OUreOAm 8EAR/NG COLIAF SC/^EWED ELEEUE SPUNED 

SCPEmD & PINNED TO SHAFT TO SHAFT 


PINION GUIDE SL EEUE ^ SPRING 



Fig. 3 — Compression drive with pinion qitide a.nd iiETAiNriNa sprivo (outeoard 

pattern) 





STARTER DHIVHS 


[VC»L. !v;] 315 

ereefjing along the sleeve when the engine is miming. A e< sllar furmed on 
tlie pinion, or separately assembled, has an iiitenud enclose the 

release s|)nng vvlien the jtijiion is fully meshed, also conveying the pinion 
thrust to the bearing collar. Nt)te that in this ilesign, tiie main spring 
carries the thrust load, but tiie drive torsion is transmitted from the shaft 
to pinion via splines. 


Delco-Remy Clutch Drive 

Another design with interesting features is the Deleo-Eeniy clutch 
drive. The sleeve is splined to the shaft but is not on a serew. A fious- 
ing fixed to the back of the pinion contains a free-wheel roller clutch, 
which transmits drive from sleeve to ])inioii. A grooved collar, freely 
mounted on the sleeve, is held against a flange thereon by a wire mnipres- 
sioii spring, A forked lever, pivoted to a stud on the starter carcass, 
embraces the grooved collar, small rollers being fitted at the fork ends and 
bearing against the collar flanges. 


Operation of Delco-Remy Clutch Drive 

Engagement of drive is direct by lever action, the fork sliding the 
sleeve assembly along the shaft to engage the pinion with the flywheel 
gear teeth while the starter is stationary, the switch action being inter- 
coupled with the lever. The switch is closed by the lever when the drive 
is engaged and the starter accelerates under full load. If the teeth do 
not mesh the lever slides the grooved collar along against its s[>ring, when 
the switch is closed, and starter rotation meshes the pinion, while the 
sleeve simultaneously slips forward under spring urge. Should disen- 
gagement be delayed wTien the engine starts, tlie {jinion overruns the 
starter shaft and the free wheel uneoupfles pinion and sleeve so that in- 
creased speed is 
not transmitted 
back to t h e 
starter shaft. The 
free-wheel unit 
comprises inner 
and outer mem- 
bers, a number 
of rollers occupy- 
ing the annular 
space between 
them. The inner 
member has a 
mini her of in- 
clined faces re- 
s e m b 1 i n g the 
teeth of a ratchet 


o(/TBam> B£jm^ 

JOURNAL CFSW4Fr 


SPLmO SHAFT 



FORK ROLLERS '^ROOWED COLLAR 


L£R CLWTCH HO/SM 


Fig. 4.— DiClCO-KliMY CLUTCK drive (oUTBDAJII) PArTE.R>’| 
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ARMAri/m SHAFT 
(OUTBOAm JOmNAL) 

P/MO// 


rP/N/OH BAPREL 

BUFFER SPPMC 1 

PimN RETA/M//G SPR/m 


OUTER DRIVE BARREL 
\ RUBBER COUPLl/s/G 

/A/UER DRIVE BARREL 


^RELfEF EPR/NG 



-TRA//E/V/S310N 

PLATE 


P/m// BUS// 


ASSEmLyJSCREW 
SLEEVE SLEEVE 

CONTROL h/UT- 


^FRlCnOh/ WASHER 
THRUST COLLAR 
'CONTROL NUT ASSEMBLY CLIPS 


SL IDING DOG 
" COUPLING 


Fig. 5.— Kubber drive (type RU.QIO) 


wheel, and when drive is transmitted the rollers advance up these in- 
clines, being wedged between their surfaces and the bore of the outer 
member. On reversal of stresses the rollers move down the inclines and 
reheve pressiire on the bore of the outer member, which is then free to 
slide over the rollers, there being no coupling between the two members. 
Eig. 4 illustrates the main features of this form of drive. 

Rubber Drive 

A recent Lucas development wiiicli is being increasingly used on new' 
models is the rubber drive, the outstanding feature of which is the use of a 
rubber bush or coupling, tightly wedged between the driving and driven 
members. This transmits torsion from starter to engine, acts as a resili- 
ent buffer, and provides a sort of “ safety fuse ” in the event of severe 
overload by shearing, thus preventing a bent or twisted shaft, burst 
windings, or cracked end brackets, otherwise possible under overload 
conditions, 

^ Another feature of the design is the use of a pinion barrel enclosing the 
drive, the pinion being secured to its end, instead of riding direct on the 
screw’ ed sleeve. This enables a smaller piiiion to be used, with increased 
ratio between starter and engine, and greatly improved starter efficiency, 
with less current consumption. 

Referring to Tig. 5, which shows outlines of the RU.9 10 drive, it will be 
seen that the armature shalt is plain, with a long sleeve keyed to it. At 
the inner end a transinission plate is s[)Hned to the sleeve and coupled by 
dog clutch to the end of the outer drive barrel. This, with the inner 
dri’ve barrel and the intermediate rubber coupling, forms a single compon- 
ent ; a free sliding tit on the sleeve. The end of the inner barrel remote 
from the transmission plate (from which it is separated by a ilat-coil relief 
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spring) is dog-eoupled to the screw sleeve, a fiard-steel t hnist-eollar 
also dog-coiipled to botli nieml)ers. The pinion barred, carrying tbe^ 
[)inion, is secured to the control nut, which moves along the screw against 
the compression of the restraining spririg, the of which is t«»prc‘- 

vent creeping into mesh. 

Operation of Rubber Drive 

The action is as follows : When the starter accelerates, the phiion 
barrel lags and advances along the screw’, against the restraining spring. 
End thrust causes the sleeve assembly to retreat, compressing the relief 
spring, the thrust-collar pressing the interposed friction washer against 
the outer drive barxel. The initial stress of engagement is taken by a 
rubber coupling which twists slightly to absorb the torque. When the 
sleeve assembly retreats, the pressure of the thrust collar and the friction 
w^asher enables some of the driving effort to be transmitted direct from 
the outer barrel to the screwed sleeve. The dotted line shows the route 
of drive transmission. 

C.A.V.-Bosch Axial- engagement Drive 

A form of drive commonly used on large commercial installations is the 
C. A.V.-Bosch axial-engagement drive. The design is such that the pinion 
is held against rotation by a plate clutch until it has advanced and meshed 
with the flywheel teeth, when the end thrust is imposed on the spring, 
w’hich holds the clutch engaged. The latter is disengaged and the pinion 
is free to turn. The traverse of screw mov'ement is comparatively short, 
as the starter armature moves endwise against a spring. 

The design of the starter provides for dual switch mov’ement. The 
first position energises the shunt fields, causes slow armature rota- 
tion and axial movement, the pinion advancing without rotating until 
meeting the flywheel. This ensures quiet definite engagement with 
tlywiieel gears. The pinion being meshed, the second sw itch position is 
operated by a latch controlled by armature travel, wiien the series fields 
are connected and full power exerted. When the main switdi is opened, 
the retaining spring draws the armature and pinion back to the starting 
position. 

SERVICE INFORMATION 

Pinions and screw sleeves are of hardened steel to resist Tear. When 
dismantled, the parts should be w’ell cleaned in petrol and examined 
cracks, chipping, or other damage. Pinion teeth usually have chamfered 
edges to facilitate meshing. If these are worn or burred the part should 
i)e replaced. 

VV^henever a starter with worn or damaged drive is repaired, tlie tiy- 
wheel gear ring should he closely inspected, and, if teeth an* damaged or 
broken, should be condemned for replacement ; otherwise, new drive 
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parts will have short life and there is risk of more severe damage to 
starter. 

Compression-type drive springs should be sufficiently compressed 
when the drive is assembled to prevent hammering thrust-collars on initial 
torque. 

Weak springs will set shorter than a new sample, and should be re- 
placed. 

The light return spring on Lucas “S ’’-type drive should promptly 
return the pinion to rest from engagement position. If sluggish, check 
for distortion, weakness, or flattening of the brass ring between spring and 
pinion face, renewing defective parts. 

Light, non-gummy machine oil may be used sparingly on screw sleeves 
of drives enclosed in the clutch housing of the engine, but exposed drives 
should be assembled dry, or lightly coated with black-lead or graphite. 

Adjust end play in the starter shaft and see that only correct hardened 
rings are fitted to receive end thrust. 

Outboard and Inboard Drives 

In outboard drives, thrust is against the exterior face of the end 
bracket ; in inboard drives, thrust is against the interior face. Where a 
pressed-steel centre bracket is fitted to outboard starter, this should re- 
ceive thrust, not the outboard-bracket bearing face. If end play is ex- 
cessive, hardened steel shims are supplied for adjustment. 

Wear may occur on the thrust face of the screw thread on the sleeve 
and also in the pinion, when a new pair should be fitted. This wear is a 
frequent cause of sticking in mesh. Pinion and sleeve should be fitted 
as a pair — not singly. 

Testing Rubber Drive 

The rubber drive is checked with the starter on a test bench by winding 
the pinion fully out and locking against rotation with a lever, while the 
motor is momentarily switched on. The drive should withstand the 
resulting torque. Shearing of the drive may be due to wear of the friction 
washer, causing the rubber coupling to transmit full load. Washer 
should always be renewed when the drive is dismantled. 

“ Bendix ” springs break through overload or backfire. Check igni- 
tion timing if trouble is leciirrent. Always use new tab- washers to lock 
spring-fixing studs. If the ring-weight is loose on pinion, sleeve collar 
loose, or thread faces w^orn, condemn the pinion-sleeve assembly. Always 
check starter action and see that shaft is not bent or twisted. 



ELECTRICAL TESTING WITH MODERN 
EQUIPMENT 

Bj S. Cl, MUNDV, M.l.M.T. 



T ee apparent Yariatioii which exists between various makes of electri- 
cal testing equipment ceases to be a complication if it is realised 
that basically every item of test equipment compriies a number of 
standard instruments— usually the following : 

Voltmeter. 

Ammeter. 

Sparkineter. 

Motor -driven con- 
tact breaker. 

Master ignition 
coils. 

Master ignition 
condenser. 

Obmmeter. 

Condenser tester. 

Syncroscope. 

Exliaust-gas ana- 
lyser. 

The number of 
instruments fitted to 
any particular test set 
varies. W e may have 
a test unit which com- 
prises only a volt- 
meter, or perhaps a 
voltmeter and am- 
meter. We maybe con- 
tent to use separate 
jiortable instniment.s 
througlioiit, or ill the 
ease of complete test- 
ing panels, \vq may 
have the whole of the 
above instruments in- 
corporated in a single 
unit. 


Fhj. 1. CONNKLTIN^U HLfcH'tHU WL TllSTEK 

A 0-volt tester (Kli‘<*tra Truiihlo Shootrr! iN'iiiir 
tt» the car battfiy by attufliiuK thc' rcii Mire to positive nt 
battery aii<l the bliu*k wire to earth. Si»aie ul the tt'stjs tluit 
can he carried out with tliis tester can be seen in sub''ei[uent 
illustrations. {EquiptHnUa Ltd,) 
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IHg . 2. — Adjustiml; metkh oe trouble siiooteh toe condenskb 

TESTII^O 

The capacity of the condenser is to be tested. The test prods 
are being held together while the control is being adjusted until 
meter pointer is on ** set.’ ’ The test is then carried out as in Tig. 3 . 
This instrument is a self-contained unit for detecting a short or 
leak in any electrical circuit and then tletenniiiing its exact 
location. Incorporated also are features for testing various 
electrical components, such as condensers, distributors, coils, 
rotors, etc., which must be up to standard. 


The a})pareiit 
variation Avliieli 
exists between 
Yariaus makes of 
test equipment is, 
therefore, not so 
complicated as aj)- 
pearsat first sight. 
If we acquire a 
fun da m eii t a I 
knowledge of the 
use of the indiyi- 
dual instruments 
which * make ii|) 
the complete test 
apparatus, we 
shall he able, with - 
out difficulty, to 
make the best use 
of the equipment 
in carrying out 
tests aud inspec- 
tions of auto- 
mobile electrical 
systems and 
equipment. 

In this article 
W’e examine wery 
briefly the indi- 
vidual instru- 
ments and their 
methods of use, 
so that with this 
knowledge we 
shall be able more 
effectively to 
make efficient use 


of any particjular 

make of equipment wdth which we may be called upon to deal. 


The Use of a Voltmeter for Electrical Testing 

The voltmeter is the most important instrument the garage mechanic 
will be called upon to use in automobile electrical work. It is essential 
that the fundamental characteristics of the instrnnient should be properly 
understood. 
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A voltmeter, as tlie 
name implies, measures 
voltage- It must, there- 
fore, be connected across 
the circuit to be tested 
and not m^emA’witlithe 
circuit, as in the ease of 
an ammeter. If we are 
testing the dynamo volt- 
age, one voltmeter ter- 
minal must be con- 
nected to the positive 
terminal and the other 
voltmeter to the nega- 
tive terminal of the 
dynamo; or if the 
machine is earth-return, 
one voltmeter terminal 
to the “live’’ dynamo 
terminal and the other 
voltmeter connection to 
“earth.” 

In testing a battery , 
one voltmeter terminal 
is connected to the posi- 
tive post of the battery 
and the other voltmeter 
connection made to 
“earth ” or the battery 
negative terminal. 

There are so many 
uses for a voltmeter in 
testing and analysing 
the electrical equipment 
on the car that its use 



Fig, 3. - CON'BENSER TESTING WITH SWITCH SET A.T 
WETEB TEST '' 


can be adequately described only hy a description ot the important 
individual tests which can be made. 'Lliese tests are ex|>lained in other 


articles in this volume. 


The Use of an Ammeter for Electrical Testing 

An amineter measures the How rd elcctrir* c-iiruTit in any rirciiit. It 
must, therefore, be connected in scries in the ciivuit to he testcil : the 
current in tlie circuit must How through the aiiinietci'. 

In testing the cnri’ent output of a dynamo one lead is removed hotn 
the dynamo terminal and this lead is then connected to one terminal ui 

M.R.O. IV. — 21 


22 [VOL. IV.] ELECTRICAL AND ACCESSORY EQUIPMENT 



Fig. 4, — Testing coil for prim:aby cmctriT leakage: with electro trouble shooter 

The trouble shooter is equipped with a micro -seasitwe leak detector, shown in the eenbr© 
of the instrument . This glows if a leak is present. When a leak is detected by the leak 
detector the exact location of the leak is determined by switching to the high frequency 
circuit, the discharge of which causes any high resistance leak or path to glow and sparkle 
such as in the distributor cap (see Fig. 5), The trouble shooter is made in two models— 
one for coimection to any 220-volt A.C. line and one for connection to any 6-V’’olt battery — 
by attaching the red wire to the positive of the battery and the black wire to the negative 
or earth. 


the ammeter ; the other ammeter terminal is connected to the dynamo 
terminal from which the original wiring lead was disconnected. 

There are many uses for an ammeter in elet^trical testing, including 
nicasuremenb and adjustment of charging rate, ehecking of current 
consumption, measuring current consumption of lamps and accessories, 
and checking the accuracy of switchboard instruments. 

These tests are described in greater detail in subsequent articles. 

The Use of a Sparkmeter for Ignition Testing 

A sparkineter in the form of a variable spark-gap is, in effect, the 
equivalent of a high-tension voltmeter. Its function is to measure the 
voltage value of the high-tension current at any point in the ignition 
system. 

The accuracy of a sparkmeter depends upon the fact that the length 
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Fig. 5. — Showing actual leak in oistkibutor cap 

Legated by H.F. Test IsTo. 1 tap on ti*oiibIe shooter illustrated in Fig. 5. The leabka^ 
path is clearly seen in th& above picture. 


of an electric spark in air is equivalent to the voltage which produces 
the spark. 

By calibrating the length of gap in millimetres, an indication of high- 
tension voltage can, therefore, be obtained at the ignition coil, the distri- 
butor plug leads, and at the plugs themselves. In this way the ignition 
high-tension system can he satisfactorily cheeked over, and verification 
obtained that it is in satisfactory condition. 

Tests can he made to ascertain whether the full value of high-tension 
is being applied to the sparking plugs themselves. The plug leads can be 
tested by measuring the spark length or high-tension voltage at the end 
of each lead. The distributor and the ignition coil can he similarly 
tested. 

Motor-driven Contact Breakers 

Many electrical test sets, particularly those sold as coil and condenser 
testers, are fitted with a variable -speed motor-driven contact breaker. 
Usually this class of equipment comprises a variable-speed motor, a 
contact breaker, and a master ignition coil and condenser. 

Ignition coils can be separately connected up to the test unit and o|)er- 
ated under generally similar conditions to those experienced on the car, 
the engine contact breaker being replaced by the motor-driven contact 
breaker in the test set. 

Comparative tests can be made of a condenser hy comparing tlie 
results of the condenser as fitted on the car l)y its te^nqiorHry replacement 
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I'ig. 6. — V.A.R. test set 

This set includes a voltmeter (0-30 volts) and ammeter (0-30 amps.) and a 
loading resistance with rotary control. {Cry%)tcn. JEquipment Ltd.) 



by a simple switching 
opeiation with the master 
condenser as fitted on the 
test unit. 

Standard test sets of 
this kind are usually de- 
signed to enable coils and 
condensers to be tested 
either on ox off the car, 
if necessary connecting 
leads and switches being 
provided. 

' Condenser Test Meters 

As an alternative to 
testing condensers by the 

Fig. 7.— POETABLE lUNITION 
TESTER 

This comprises an. adjust- 
able 3 -point balanced spark 
gap, and neon tube, for testing 
sparking plugs, high tension 
leads, distributor, ignition 
coils and conden.sers. (Cryphn 
Equipment Ltd.) 


ELECTRICAL TESTlNc; 


IV.] 


eoiiiparative or 
substitution 
method, a separate 
condenser test 
meter can be used. 
This usually takes 
the form of a 
m icroam meter 
which measures 
the value of charge 
and discharge 
current. 

Direct current 
is used for the test 
which, in the case 
of alternating-cur- 
rent sets, is ob- 
tained through a 
small metal or 
valve rectifier 
which gives a 
direct -current vol- 
tage (with a very 
small current) of 
from 300 to 500 
volts according to 
the make of con- 
denser test meter 
used. 

The condenser 
to be tested is con- 



Fi (/. 8. — Motor-opera.tki> KiSinoN tester 

This iss titted 'W'ith a motor-dri veil contact l)r6akt?r, for f»- or 
12-volt battery operation, ammet er, spark gap, rotary s^^'ltc ht*^, 
testing leads, C- and 12 -volt master ignition coil, a master con- 
denser and a special tixture for testing magneto armatures. 
{Crypton Fquiptm nt Lui.) 


nected up to the meter and is first charged by throwing over a switch 
into the “ charge ” position. This causes the instrument needle to dick 
over, and the maximum reading which the needle ohtaiiis is an indication 
of the capacity of the condenser. The switch is now thrown over to a 
‘‘‘ discharge ’’ position w’hich discharges the condenser, causing the needle 
to return to zero. If it fails to return to zero it indicates a leak, and tlie 


amount of leakage will be the amount by wiiicli the needle is off zero. 

A slight leak is usual, hut should not exceed i) inicroamps. An o[X‘n- 
circuited condenser will give no reading. A short-circuited eoiideiiser 
will give a full-scale reading, and the needle will not return. 

It cannot be claimed that a condenser test meter of this kind is lod per 


cent, accurate, because, for complete testing, conditions due to heating 
and vibration must be considered. In ]U‘actice, ho\\cvt*r, the use id' a 
condenser test meter will give sufficient ly good results to deal w itli all 
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normal requirement?!, 
particularly if the con- 
denser when being tested 
is tapped in order to 
cover the possibility of 
an internal loose con- 
nection. 

The Use of an Ohm- 
meter 

Some modern items 
of test equipment are 
fitted with an ohm- 
meter, for the measure- 
ment of insulation resis- 
tance, and also to obtain 
a direct reading of the 
resistance of circuits 
such as field coils and 
solenoid windings. 

For automobile test- 
ing work such ohm- 
meters are usually 
provided with direct 
current at 200 or 300 
volts, obtained in the 
case of an alternating- 
current supply through a valve or metal rectifier. In some cases, how- 
ever, a separate gear-driven dynamo is employed, such as in the case of 
the well-known “Megger” insulation tester. 

Distributor Synchroscopes 

The stringent conditions under which the distributor operates, and the 
necessity on the modern car of correct distributor adjustment, have 
resulted in the development of distributor synchroscopes for testing and 
adjusting the distributors under working conditions. 

With aut omatic advance and retard it is very necessary to ensure that 
the automatic-advance mechanism is operating correctly. A mechanical- 
distributor fault will cause unsatisfactory engine performance. 

It is ini|X)ssible properly to test and adjust the distributor on the car, 
and for satisfactory results it should he removed from the car and con- 
nected to a variable -speed motor, preferably being mounted vertically, 
as is now usual in service. The variable-speed motor drives three -point 
static spark gaps, which rotate over a disc calibrated 360^ With this 
arrangement a distributor can be driven at varying speeds, and the exact 



Fig. 9.— Portable conpenskr testeb 
This indicates if condenser is leaking and the amount 
of leak. It is connected to alternating current mains. 
{Crypton Equipment Ltd.) 
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TachomDtor 
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» 




Vacuum Hose 


Speed Control 

Fi(j, 1 C.—DiSTmBuroR synchroscope. {Crffpfon Eq\npmm.i Lt»l.) 


period at which the sparks take place can be read on the calibrated disc. 

A correctly adjusted distributor fora four-e}dinder en^dne should ^ive 
four equally spaced sparks at zero, 91^, 180", and 27i>'. Autoiiuitic 
advance can be checked by noting the point at wiiicii the advance cuts 
in and the number of degrees of advance as the distributor <lrivng speed 
is increased. A check can be made against the manufact urers' data , and 
it can be verified if tlie performance is satisfactory. If adjustments ate 
necessary, they can be made and the results noted at the same t ime. 
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F ' nj . 1 ' 2 . — Using exha.ust-gas analyser 


ShavtTng sampler tube claiiipecl into place on the upper edge of pipe. 
The set can then be taken to the front of the ear aacl hung in a convenient 
position near the engine. 


ELECTEirAL TE8TIX(J 
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Fig, 13. — Using exhaust-ga-s analyser Fig. 14. ^X’ssincj exhai’sthjas analyser 

The next step is to remove residual ex- First operation in setting the meter for 
haust gas from the analysing cell by a few the test. With the switch at '* set '* posi- 
strokes of the aspirator, prior to .setting tlie tion, the neetile is adjusted to read “ 10 ” liy 
meter for test. means of the left-hand rheostat. 

Exhaust-gas Analysers 

A lot of attention has reeently been given to the use of exhaust -gas 
analysers for cheeking carbiirat ion efficiency. 

Carburettor testing up) to the present time has largely been a matter of 
guesswork, but to-day the service niechauic has available for his use, 
lirstly, a vacuum gauge, Avhieh has already been described, and secondly, 
an exhaust-gas analyser. 

The standard exhaust-gas analyser consists of an indicating meter 
calibrated in three divisions — " lean," “ normal,'’ and “ rich." 

The instrument is connected by means of a hose to the exhaust pipe, 
from which a sample of the exhaust gas is taken and fjasses to the analyser 
liousing, usually through a separator where the water and most id* the 
dirt are taken out. 

Within the analyser housing the exhaust gas sample is mixed with air 



330 [VOL. IV.] ELEfTEICAL AND ACCESSORY EQUirMENT 



lig. 15. —Using exhaust- gas analyser 


ZI - r 

_ » . « 


The ^ond operation in setting the analyser is to switch to ' 
the needle to read “ 13 ” by means of the right-hand rheostat. 


test,” and to adjust 



LiP 
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iind is passed over an element which 
(‘oiisists of four {)latinuin wires. 
These wires are heated by an 
electric current supplied from a 
battery incorporated in the ana- 
lyser housing. Tw'o of the wires 
are active, and the other two wires 
are treated to render them inactive. 

If the exhaust gas contains com- 
bustible vapour, the active wires 
begin to glow. This increases their 
electrical resistance and gives a 
reading on the meter. This read- 
ing will be in proportion to the 
amount of combustible gases in 
the exhaust. 

The meter is calibrated in per- 
cent. completeness of combustion, 
so that an indication is obtained of 
the percentage efficiency of carbura- 
tion. 

Exhaust-gas-analyser tests 
should be made with the engine at 
normal working temperature. In 
making tests, the adjustments 
provided for should be made to cor- 
rect a pressure of more than 2 on a 
pressure-gauge fitted to the ana- 
lyser. 

The engine is now run at a 
speed of approximately 45 ni.p.h., 
and the operator should note the 



lig, 17.-~Agoop to obtain for 

ECONOMICAL Rl/NMNO ON EXHAl'ST-OAS 
ANALYSEB 

Thp analyser shiwii in Figs. 11 - I" is the 
Xlixturo Master. (A.’// on/r/w/ o/ Eqwjh 
fiieufs Ltd.) 


indications on the meter scale ; the instructions provided w ith theiiustru- 
menb will indicate to the operator the eftieiency of carburatioii and tl:e 
necessity of any service which may be required. 

The design of the engine may have some influence on the result 
obtained with the exhaust-gas analyser and, in oise of doubt, it is 
advisable to get in touch with, the makers of the equipment. 



DYNAMOS AND CHARGE CONTROL 
SYSTEMS 

By E. r, LAWSON HELME 

Field Windings 

A utomobile dytiamos M^ere origmally eyolved from raihraj- 
train lighting and industrial direct ‘Current machines, having 
a common purpose of accumulator charging. All machines in this 
group must be self-exciting — that is, capable of building up voltage from 
nil, from a standing start, without external current supply for energising 
the fields. It follows, therefore, that there must be some primary weak field 
in which the armature rotates and commences to generate, and this is pro- 
duced by the residual magnetism remaining in the iron pole shoes. The 
low voltage generated in the armature by rotation in this weak 
])€rinanent ” field is applied to the field windings, which then set up a 
flux to supplement the primary field, and a progressive build-up of 
density results, correspondingly increasing the armature voltage to its 
maximum. 

Magnetic Circuits 

like an electrical circuit, a magnetic circuit is regarded as a eontinuouH 
path round which lines of flux-density flow. Figs. 1 and 2 show two 
common arrangements, two-pole and four-pole assemblies respectively. 

In Fig. 1 the left-hand pole shoe assumes N. polarity, lines flowing 
through the armature core to the right-hand pole shoe, which assumes S. 



Fig. l.~ iVlAUNErK’ cib- 

t'rir— TWU'POLE DYN- 
AMO 



Fig. 2.— MAQNKrio cir- 
r r IT- F OUR- V o l e 

DY'NAMO 



Fig, ;L— Another form of 

TWO -POLE ASSEMBLY 
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Fig. 4.-~SH:um' wound, two- Fig. o.-DYNAMOTim coNNECTiiiNH 

POLE ASSPIMBLY 


polarity, the lines continuing in t'W'O }>aths round the iron yoke or carcass 
back to the IN' . pole. 

In Fig. 2 four poles are used. The left and right pole shoes are both 
N., and the upper and lower both S. Lines How in four paths, assho'wn, 
entering the armature core from each N. pole and dividing upwards and 
downwards to each S. pole, with return paths through the carcass. 

Fig. 3. shows another form of two>pole assembly, used in dynamos 
with shaft centre eccentric to the carcass centre. Only one {x>le carries a 
winding, the other being integral with the carcass, and referred to as a 
‘‘ consequent ” pole. Lines flow from wound X. |K)le (top) to unwound 
consequent pole (bottom) via the armature core, returning through the 
carcass. 

Winding Connections 

Fig. 4 illustrates a “ shunt wound ” two-pole assembly. Note that tlie 
two field coils, or windings, each embracing a p>ole shoe, are coimeeted 
in series, the two outer connections being taken to ]>ositive and negative 
brushes. The field circuit is therefore in parallel with the armature and 
receives the full generated voltage, the construction being used in all 
]3lain battery-charging dynamos to ensure self-excitation and steady out- 
put under varying loads. 

Dynamotor Connections 

In a four-pole shunt-lield circuit, the four coils are in series, with the 
entry lead of the first coil and the exit lead of the last C('»il connected to 
main positive and negative brushes. This arrangement is not used in 
starters, as the requirements are entirely different , hut in clynaimstors. 
which corahine starting and generating functions, tlie field <lesign is 
modified as illustrated in Fig. 5. In this case a foiir-{H)le field is usetl, 
comprising two pole shoes carrying shunt -connected windings, phurd on 
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opposite sides, v'hile the remaining two pole 
shoes carry coils connected in series with 
eaeii other, and also in series with main 
armature circuit. Thus, when the machine 
is used for starting, battery current enters 
the main terminal, passes to the positive 
brush, via the armature windings to the 
negative brush, and round the series field 
coils to carcass “earth” connection, and 
thence back to battery via the chassis. 
When the machine is running, residual 
magnetism causes voltage build-up and 
current is shunted from main brushes round 
the shunt-field windings. The machine then 
generates. It is important to note that both shunts are of one polarity 
and both series of the other. 

When starting, a small shunt-field current flows from the battery 
voltage at the main brushes, but its influence on the field flux is negligible 
compared with that of the series poles. 

Similarly, when generating, charging current traverses the series field 
windings en route to battery, but again its comparative flux is negligible. 
The shunt-wound poles therefore act as consequent unwound poles to the 
series when starting, and the series-wound poles become consequent to 
the shunt poles when generating, preserving four-pole characteristics, 
hence the like polarity of each pair of windings, with unlike polarity to 
each other. 

A further development of dynamotor design is the six-pole machine 
with three shunts, of like polarity, alternately positioned with three series, 
again of like polarity. All the shunts being N., all the series will be S. 
poles. There are six flux paths through the armature core and carcass, 
the design being a development of four-pole practice. 

Direction of Winding 

It must be carefully noted that the direction of winding decides the 
polarity of the resulting induced field. Fig. 6 shows the law governing 
this, which may be briefly defined thus : Looking endwise at an electro- 
magnet, current flow (from positive to negative) round winding in a 
clockwise direction produces a field with south ” pole towards the ob- 
server and “ north ” pole away from observer, wiio is looking in the 
direction of the flow of magnetic flux lines. Reversal of positive and 
negative connections, or reversal of current direction, results in a field with 
N. towards observer and S. away from observer. This should be memo- 
rised, as it is important in checking field connections. 

Eig. 7 illustrates how four field coils are wound for shunt connection. 
It should be noted that the two ends of each winding are commonly 



Fig. 6. — Showing- hel^tion- 

BETWEEN CVIIBE'NT AND 
MAGNETIC FLUX 

This relationship is import- 
ant in checking field connec- 
tions. 
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referred te as 
“entry” an d 
“exit leads, 
according to 
direction of 
current flow. For 
example, current 
eaters the left- 
liand coil from 



lay . 7. — How fugr fikld coils a..ek woi md roE hiu nt gun- 


tiie positive brush connection , at the outside end, traverses the turns to the 
inside end, the exit ” lead being brought across the turns and insulated 
therefrom. This end is connected to the “ entry ” lead of the next coil, 
which starts at the outside turns, and current leaves at the inside exit lead. 
As these two coils are wound in opposing directions, or fitted on the pole 
shoes^ in opposing positions, unike magnet poles are induced. The 
remaining two windings follow the same principle, the inside exit turns 
of second coil joining the outside entry turns of third, while inside exit of 
third joins outside entry of fourth. Polarity is decided by current direc- 
tion. only, and the use of inside or outside terminals is governed only by 
convenience and design. 


Armatures 

In all automobile dynamos, the angle between nmin brushes is the 
same as the angle between unlike field poles, and the armature must be 
wound with the same number of current paths. Armature windings are 
grouped under various classifications, such as “ lap ” winding and 
“ wave ” winding, each of which may he “ progressive ” or “ retrogres- 
sive ” in direction. Each coil or group of coils comes into the densest 
area of field flux twice, or four times {)er revolution, and its ends must 
be connected to the commutator bars which lie under main brushes at t his 
instant. The voltage generated by the windings, which is then at |>eak 
value, is collected by main brushes and applied to circuits across them. 
This angle between, coil sides and commutator connection is most im|K>rt - 
ant, and is described as winding pitch . Each coil may comprise several 
turns. Tracing the wire from any one commutator bar. it will be found 
to pass into one of the longitudinal grooves in the core, cross the back of 
the core to enter another groove, cross the front and re-enter the first, 
making several loops or turns before tlie end is finally l)r(>ught out to 
another commutator bar. A number of siicli coils are W( mud on t he I'ore. 
the ends of each being brought out to bars which are an et|ual angular 
distance apart in each case. The coil sides, which occupy the slots, are 
the active sections, being the parts which “cut the Hues of magnetic, 
dux, while the sections crossing at back and front are inereiv' conductors 
and non-active in generation. As each coil in turn moves into the 
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densest tiux, its respective commutator bans come under tlie brushes. Its 
place is taken successiv^ely by each coil in turn. 

ARMATURE FAULTS AND TESTING METHODS 

Faults 

Assuniiiig that an armature is of correct type for the dynamo to which 
it is fitted, defects which will prevent it generating properly may be classed 
as follow’s : 

(а) Earthed vrindings or commutator. 

(б) Shorts between windings, turns, or adjacent commutator bars ; or 
(c) High resistance or open-circuit faults. 

Tests for Faults 

The first fault can be detected by the use of direct-current mains test 
lamp or megger-type ohmmeter. The second and third are located by 
various methods operating on alternating-current or direct-current supply, 
the best known of which are the volt-drop comparative test on direct- 
current supply, and the induction comparative test, for use on alternating- 
current supply. In either case, the test is based on a comparison of the 
characteristics of each coil or group of coils in turn, results demonstrating 
whether these are equal within limits , indicating sound windings , or widely 
divergent, denoting faults of either (b) or (c) nature. 

Making a Drop Test 

Eig. 8 illustrates the layout of the 
“ drop test,” as it is popularly called. 
CJurrent from the battery B flow's through 
the variable resistance VR to prod Pi, 
round armature ( A) windings, leaving at 
prod P2, and returning to battery. As the 
prods contact the armature (commutator 
bars) at the same angle as main brushes — ■ 
in this case the angle is 90° — two paths are 
offered : via the normal “ live ” coils or 
group of coils, and also via other windings 
in series. The actual length of 'wire or group 
of coils connected betw'een any one bar and 
its neighbour is usually the same, and 
therefore the resistance between adjacent 
bcXrs should be equal all round. This is 
verified by the niillivoltmeter 31 jV, which 
is bridged across adjacent bars by t he j)rods 
X and When connected thus, current 
flows via alternative paths as the coils and 
the meter bridging them are in parallel. 
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The higher the resistance of 
the coils, the more current will l^e 
hy- passed through the meter, and 
vice versa. As the resistance Fi? is 
adjusted to produce a definite reading 
of the meter on any one coil, the 
armature is moved round, bringing 
successive groups of windings under the 
prods. If the resistances of the wind- 
ings are equal, meter readings will be 
the same for all. A coil with faulty 
connections introducing excessive resist- 
ance will cause a higher reading, while 
an open-circuited coil will allow the full 
voltage to he applied to the meter, 
resulting in possible damage to the 
meter unless precautions are observed. 

On the ether hand, shorted turns 
causing lower resistance will j>ass more 
current, the meter reading begin low'er, 
while if the coils are shorted as a 
whole — such as by shorted commutator 
bars — the meter reading will be prac- 
tically nil. 

It is essential to clean all dust or 
copper fragments from the mica 
insulation between commutator bars in order to get readings which are a 
true indication of the state of windings. 

Check for Earthed Windings First 

It is usual to check an armature for earthed windings (Fault a) lirst. 
if one prod of the test-lamp circuit is placed on the core and the other on 
any commutator bar, a faulty circuit affecting any of the windings will 
cause the lamp to light. 

Growler Tests 

The second comparative test^ — commonly known as the grovier ’’ 
test — uses the armature as part of a transformer construction, the current 
generated in its windings being compared. Fig. 9 show^s the diagram- 
matic laAmut. The growler laminated core carries a winding to wiiieh 
alternating-current voltage is applied. An alternating flux is induced, 
traversing an “ iron ” circuit of which the armature coi'e, placed in the 
limbs of the growler core, forms part. Alternating voltages are induced 
in the windings, but practically no current flow's, as the voltage surges in 
one group of coils are met by simultaneous opposite voltage surges in 
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other groups, this not necessarily being the case in all instances, as arma- 
ture ^\'indiIlg designs vary. The voltage induced in any one group con- 
nected to adjacent bars is measured by the current flowing in the ammeter 
and variable resistance when the prods are applied to these bars. The 
armature is turned round in position on the growler, each coil circuit being 
compared as adjac*ent pairs of bars come round. 

It is imj:x)rtant to note that the current generated by any one coil 
circuit varies with its position relative to the growier limbs. The test 
circuit, comprising ammeter, resistance, and prods, is applied to the coil 
circuit and the armature moved to give the highest reading within the 
meter range, current being adjusted by the variable resistance. Each 
coil circuit must then be tested in the same relative position to get true 
comparative results. 

High resistance or open- circuits will produce lower meter readings as 
the current flow is reduced or interrupted. 

Shorted turns may cause a higher reading owing to reduced impedance, 
and will also cause local heating. 

Shorted bars will produce little or no readable current, but the fault 
may be revealed by local heating or smoke. 

Shorted coils may also be detected by magnetic effect. If an iron 
feeler ’’ — such as a hacksaw blade — is laid on the top of the core as it is 
turned, a shorted coil with reveal its presence by increased magnetic pull 
on the feeler. 

In both direct-current and alternating-current methods it may be 
found that modern armatures produce alternate high and low readings. 
This is due to w’inding design, and while the variation is regular and 
not too divergent, it should not be mistaken for a fault. 

CONTROL METHODS 

The shimt-field dynamo, wtien used for battery charging, develops a 
terminal voltage which varies with its speed, with a corresponding varia- 
tion in the current flowing through the battery. As an accunuilator of 
any given capacity will carry only a definite maximum charging rate 
without overloading and risk of heating, rapid evaporation of electrolyte, 
and eventual damage to its elements, so a dynamo used on a vehicle, 
where speed is always varying, must be equipped with means of limiting 
the charging rate within safe values at all speeds likely to be attained in 
ordinary use. 

An early system of chiteb diive, in wdiich sli]) occurred above a certain 
speed, was the only attempt made at direct speed control, and was aban- 
doned because of tlie practical difficulties encountered . All other systems 
since developed operate on electrical principles, and control output hy 
the only^ practical means — limitation of voltage applied to the field 
circuit and resultant dose regulation of current and magnetic-fiux 
density. 
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Two main systems have been made use of, being designated ‘‘ constant 
current ” and constant voltage ” respectively. Designers liave now 
very largely concentrated on the latter system, with several important 
modifications, although constant -current dynamos are still very com- 
monly used, especially on small cars. 

Third-brush Armature-reaction Control 

Armature reaction is the magnetic flux generated by current flowing 
in the armature windings opposing the flux due to the fields, and causing 
a distortion of the lines of force traversing the armature core, the effect 
increasing with output. Pig. 10 illustrates the direction of field flux at 
low output, and Fig. 1 1 shows how the lines are distorted hy the opposition 
of armature flux when output rises, the axis of the resultant lines of force 
across the armature being twisted round in the direction of rotation. 

In a dynamo controlled hy reaction effect, the field connections are 
not both token to main brushes as in a plain-shunt machine, but one is 
connected to a third narrow brush hearing on the commutator at a position 
at an acute angle to one of the main brushes, as in Fig. 12. 

The voltage between this third brush and the other main brush is 
therefore less than that between the two main brushes, the effect being 
that of “ tapping ” armature voltage. The armature coils connected to 
the commutator bars, from which field current is collected, are not passing 
the densest part of the field at low speed. As output rises, flux distortion 
tends to shift the axis — or densest part of flux — towards the position 
occupied by these coils, with corresponding increase of fleld voltage and 
flux . Further increase of output distorts the axis farther round, so that 
the dense area recedes beyond the position of the tapped armature coils, 
causing a fall in field-applied volts, current, and flux density. The two 
opposing factors of reaction distortion and field voltage balance each 
other over a wide range of speed, beyond which distortion gains the 
ascendancy and output falls with further increases of speed. The “ fiat- 
peak ” value of dynamo- charging current can be varied by moving the 
third brush round in the direction of rotation to increase it, and against 
the direction of rotation to reduce output. The layout shown in Fig. 12 
is that of a two -pole dynamo. In a four-pole machine, with two main 
brushes positioned 90° apart, the third brush may be adjacent to the 
position of either, or may be placed near the opposite angle of commuta- 
tion — i.e. 180° from the main brush of same polarity. 

The voltage at commutator bars in this position approaches maximum, 
although no main brush is fitted in this position. In other words, the 
four-pole armature has two positive and t'wo negative maximum-voltage 
positions, although only one position of each sign feeds a main brush. 

Solenoid-voltage Control 

The inherent disadvantage of current control lies in the fact that 
current remains tolerably constant, whatever the state of charge of the 
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Fig, IS. — Becsulatob deskin used in Lucas RFSO and similar control bojces 


battery. In fact, \\rith a fully charged battery, dynamo voltage rises in 
opposing and overriding battery back-e.m.f., field voltage is boosted, 
and the average output is higher — an undesirable condition from the 
viewpoint of battery welfare. Yoltage control is designed to maintain 
dynamo volts up to, and at, a constant level, the cbarge-rate being in 
accordance with the back-voltage, or b.e.m.f., of the battery’, so that the 
latter is charged at a rate suited to its needs. 

Fig. 13 shows simple solenoid control, in which a plain-shunt dynamo 
with external field control is used. The solenoid winding is connected 
across main brushes, receiving armature voltage. The field circuit 
includes a pair of contacts — normally closed by spring pressure- — and 
bridged by a resistance. One of the contacts is fixe<l, but the other is 
mounted on a hinged or spring-suspended iron plate or core positioned so 
that it receives the magnetic pull of the solenoid. In the 0 }>en-type 
regulator — now commonly used — the solenoid frame resembles that of a 
cut-out, with the important difference that contacts meet when the unit 
is not operating ; the reverse to cut-out practice. 

Operation of Solenoid-voltage Control 

Operation is as follow’s : The closed contacts ofier v’ery little resistance 
to current flow’ and the field receives practically the full generated voltage. 
This voltage is also impressed on the solenoid winding of the regulator, 
w’hich is energised and exerts a magnetic pull on the binged plate, 
opposing and consequently weakening spring pressure on contacts. At 
a predetermined voltage, spring pressure is overcome and the contacts are 
separated, when field current is by-passed through the resistance and 
consequently decreased. Terminal voltage falls and solenoid flux 
'vreakens, w’hen the spiring regains the balance of force and contacts again 
meet. Field current rises again and the cycle is re|>eatcd in rapid suc- 
cession, resulting in high-frequency vibration of the hinged ]>late aiul 
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Fig> 16 . — The distobtiok by heat and resulting etfect on contact pressure 

(shown EXAaOERATED FOR CLEARNESS) 

A, bimetal spring (cold), b, bimetal spring distorted (hot). 

contacts. The field current is therefore subject to rapid fluctuation as 
the result of regulator action, hut this fluctuation is largel 7 smoothed out 
by the impedance due to the magnetic characteristics and ampere -turns 
of the field bindings so that the regulated current remains leTel over a 
wide range of dynamo speed. 

The open-circuit (no-load) voltage at the terminals of a regulator- 
controlled dynamo is therefore constant, being about 15*75 volts in the 
case of a 12 -volt set. The charging rate will be high when the battery 
voltage is low, but as the battery voltage rises the difference between this 
and the dynamo-terminal voltage diminishes until, when the battery 
voltage approaches 2*5 volts per cell on charge, the resulting rate of 
charge falls to a low value, which is the ideal aimed at in battery 
charging. 

Tig. 14 illustrates another form of regulator using two pairs of contacts, 
the second pair being open in the idle position, and connected across 
the field windings. Regulation is effected by vibratory contact of the 
yield contacts, as already described, until dynamo speed rises above a 
certain limit. At this point the magnetic flux of the solenoid draws the 
iron core down so that the contacts are held apart, yield current passing 
via the resistance. Further increase of voltage causes the iron core of the 
regulator to be drawn in to full extent, when the second pair of contacts 
meets, and the field circuit is shorted through them. 

Field flux collapses, voltage falls, spring pressure overcomes solenoid 
pull, and the shorting contacts separate, when field builds up again and 
the cycle is repeated at high frequency. This design is used in Lucas LRl 
and LR2 regulators of the enclosed-barrel type. 
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Fig. 17. — C.A.V.-BoSCE combined CTT- Fi^. 18. — OrRRENT-VOLTAOE REOriATOS' 
OtJT AND REOULATOB TY’PICAI^ OF AMERICAN PRACTICE 

Shunt and series windings function as 
both cut-out and regulator. 


Series Compensating Windings 

In Fig. 14, a second winding of heavy wire is drawn on the solenoid 
core, in addition to the fine-wire “shunt ” winding. Current flowing to 
cut-out and battery traverses this “ series ” winding and exert s a eom|)en- 
sating influence on dynamo-controlled voltage. If a dead cell low’ers 
battery b.e.ni .f., or a short across mains cables lowers the effective resistance 
of the battery line, regulator w’ould maintain dynamo voltage at normal, 
and an excessive output would result, with no series winding. Where 
this output traverses a compensating winding, the latter automatically 
supplements the solenoid -magnet flux, and spring pressure is overcome 
at a lower voltage level, so that dynamo voltage is reduced in pro|)ortion 
to additional load, preventing overheating and burn-out. Ail regulators 
are now fitted with series conipiensatirig windings. It is to lie noted that 
the shunt and series windings are in the same direction relative to current 
flow. 

Fig. 15 shows the regulator design used in Lucas EFoO and similar 
control boxes. This has regulator and cut-out combined on a common 
L-sluiped frame, each having a wound solenoid core and a contact plate, 
as shown, fitted by spring hinge. A spiral or flat spring with adjusting 
screw and locknut exerts pressure on eacli contact plate, holding the 
cut-out contacts apart — -spring pressure maintaining the jjlatc against the 
curved stop — and the regulator contacts together. Eaidi soleiiitiil has 
a shunt winding of tine wire c‘oniiected between the common iVanie 
(dynanu) “live’' potential) and the E terminal. The mit-out ha.s the 
orthodox series winding, and the regulator has a divitled series winding, 
the tw'o sections carrying current in opposite direitmns round the core. 
Furrent flows from common frame to H (earth), energising both oores. 
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In a 12-volt set, the eiit-out closes at 12-75-13-5 volts, current flowing 
via cut-out series and the upper half of regulator series winding to ter- 
minal A — wired to ammeter and battery. Regulator action commences 
at 15 -75-1 6*3 volts, unless a fault is causing excessive charging rate, 
when series flux brings regulated voltage to a lower value. The lower 
half of the regulator series winding is connected between terminals A 
and Al. 

All consumer circuits other than starter and emergency -light sockets 
are fed from terminal Al, and therefore all discharge current must 
traverse the lower series winding. When lamps are switched on, there- 
fore, the current flowing round this winding sets up a magnetic flux of 
proportionate density which opposes the fluxes of shunt and charge series. 

The result is that composite flux is weakened, regulation delayed, and 
djmamo voltage increased to compensate for lamp load. 

Temperature Compensation 

The latest Lucas regulators, hearing letters “ LRT ” with type num- 
ber, have a special bi-metallic flat spring secured to the regulator contact 
plate, its free end hearing on the adjusting screw. The two metals 
forming the spring expand with temperature rise, but at different rates, 
so that the spring distorts with heat, its resistance to solenoid pull 
decreasing with rising temperature. When cold, the regulated voltage is 
high, giving a boosting charge to the battery, making up ampere-hours 
expended by the battery in starting. Rising temperature causes the 
spring to distort and exert less pressure on contacts, so that solenoid pull 
starts them vibrating at lower voltage and dynamo output falls accord- 
ingly. 

Fig. 16 a. and b shows in exaggerated form the distortion by heat and 
the resulting effect on contact pressure. 

Single-core Combined Unit 

Fig. 17 illustrates a combined cut-out and regulator used on some 
C.A.Y.-Eosch commercial equipment, in which a single shunt and a single 
series winding operate both functions. 

First movement of the contact plate causes cut-out contacts to 
close. Further solenoid pull overcomes spring pressure on the held 
contacts (R), which vibrate and control voltage at normal speed. At 
higher speed, solenoid pull draws the contact plate fully down, when the 
shortening contacts meet, bridge out the field circuit, and secondary 
regulation is established. The series winding, in addition to functioning 
as cut-out hold-on and discharge-current release in the ordinary way, also 
serves as regulator- charge compensating winding, as its flux supplements 
the shunt and lowers the regulated voltage when a safe maximum output 
is attained. 
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Current-voltage Regulation 

The foregoing t V|)e8 all use a series wintiing enabling eurrent to 
effect regulation according to battery condition. In American design, 
regulators are treqiiently tilted with separate series* voiiiid cores. In 
()-volt sets, where current values are higher, it is eoninion practic‘e for 
one core of the regulator unit to carry a winding in series with the dynamo 
field, the flux it produces being directly pro[>ortional to field density. 

The other regulator core carries a shunt winding which is eonneeted 
across the battery via ignition switch. Fig. 1 8 illustrates a layout of this 
type, and it is important to note that a three-brush reaction dynamo is 
often used, combining both systems of output control. These sets must 
he. run or tested only with the battery connected, as open-circuit generat- 
ing allows a dangerous voltage rise. 

SERVICE INFORMATION 

The following general hints will be useful in locating causes of dynamo 
or control trouble : 

General-condition Test of Dynamo 

Before removal from the vehicle, a general rough test can he made by 
disconnecting leads, running at moderate speed, and bridging D and F 
terminals with an insulated screwdriver or similar article, noting that a 
flashy spark occurs on breaking contact. This test imposes full voltage 
on fields, and must be applied with caution. A growiing or whining 
noise on bridging terminals signifies worn bearings, loose poles, or other 
mechanical trouble revealed by magnetic pull. An insulated bridge is 
necessary, as field voltage on break may" cause a shock if terminals are 
touched. 

With the machine on the bench, dismantled, tests and inspection 
should include the following : Field conductivity, insulation to carcase, 
armature tested on drop-test or growler ” {alternating-current imf>e- 
dance comparison), insulation of windings and commutator to shaft : 
brush-holder insulation to carcase, brush wear, friction in guides, 
brush-spring tension, yield leads and terminal contacts, soldered joints, 
etc., field interooil joints, general state of windings, charred insulation 
(should be condemned even though tests appear satisfactory), bearing 
wear, shaft wear, mechanical damage. 

These deta ils apply to all types of dynamo. In add it ion , the following 
“ don'ts ’’ should be remembered and applied in practice to avoid high 
costs, lost time, and jeopardised custom : 

Bon't test insulation with mains- voltage lamp until carbon dust and 
oil are washed away and insulator dry and clean. 

Don't hold armature in vice while applying heavy torsion to shaft nut. 
The core is splined to the shaft and may shear or shift under the strain. 



346 [VOL. IV.] ELECTRICAL AND ACCESSORY EQUIPMENT 

If the nut cannot be tightened while the shaft is held, the spanner should 
be tapi^ed rather than heavy pressure applied. Hold pulley or sprocket 
by a piece of belt or chain v’ith ends secured in vice. 

Don’t grip small carcases tightly in vice. This may cause distortion 
out of round and result in rubbing on field poles. 

Don’t skim commutator with shaft ont of truth or eccentric to lathe 
centre. It is better to arrange a small chuck to fit the lathe hack poppet 
so that a bush of correct size can be used to support shaft by bearing 
journal, ensuring concentricity. 

Don’t leave internal screws any chance of coming adrift. Lucas 
CHSE, and similar dynamos with internal screws securing the bearing 
plate, must have these serew^s securely locked. 

Brush Wear and Spring Tension 

Brushes deteriorate more from burning than from friction. Main- 
brush spring tension should be 24-28 oz,, and that of field brushes 
14-16 oz., measured with a spring-balance. Proper bedding of brushes 
is essential to efficient working. A special pumice-stick can he bought 
for the purpose, and this is applied by holding in contact with com- 
mutator, the pumice powder bedding the brushes quickly without effect- 
ing contact. If new brushes of correct replacement type are used, they 
should not be tight in holders. If so, the holders may be distorted or 
bent and this should be corrected. 

The brushes should not be rubbed down, as they are then non-standard. 

Third-brush Adjustment 

As a general rule, the field brush is of the same polarity as the mains’ 
brush to which it is nearest in two-pole dynamos, and the same polarity 
as the mains’ brush to which it is most nearly opposite in four -pole 
machines. Movement towards this mains’ brush or position is usually in 
direction of rotation, and increases average output. Adjustment should 
he made only when the operator is certain that field -brush position is 
incorrect. Moving the brush forward to compensate for loss of output 
due to dirty or worn commutator or brushes, faulty battery, wiring, or 
other extraneous cause soon results in breakdown. Output should be 
adjusted on vehicle with headlamps of normal wattage (not exceeding 
36 watts at 12 volts or 24 watts at 6 volts), when charging rate should 
balance discharge with a margin of 3-4 amps. For 12-volt sets, 8-10 
amps, is sufficient in most cases. 

Regulator Adjustments 

Lucas LR-type regulators should he checked in place hy opening 
battery circuit — inserting insulation between cut-our contacts will serve, 
connecting an accurate voltmeter of CYC type between i) and E terminals , 
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and noting controlled voltage. Dual-coiitaet “ barrel *“ roinilaturs sliuulcl 
control voltage up to lo-7.5 volts iniiiiinuni. Id *3 volts iiiaiiniiini. over 
a wide speed range. Single-contact o|>en-ty|K^ units shoukl W wt 
regulate at the same values, except tcninaTature-coiiiijensatiii^ tyiies 
where voltage is up to 17 volts when cold. C.A.V.-Bc*si*h. F- asid Cbtyfa* 
regulators should be tested only tinder load — not with battery* eircmit 
open. To test without battery a load of 60 watts should applied, 
wiien regulated voltage should remain steady at 13*8 volts. 3Iotor-€ycle 
regulators — -type MCE — should be tested on ojxni circuit and should 
operate at 7 -5-7 *8 volts. 

Adjusting Barrel Type 

The field contacts should not l^e disturbed under any cireumstanees. 
Need of adjustment is largely due to weakening of spring, which is reset, 
and shortening contacts afterwards corrected to restore normal voltage 
control. If this does not rectify trouble the unit has burnt or pitt^ 
contact faces and should be replaced. 

Adjusting Open Type 

The screw with locknut situated in the back of the regulator frame 
alters the spring pressure on contacts. Adjustment is critical, and should 
be made a quarter turn, or less, at a time. The nut should be tightened 
each time and voltage checked. With LRT units, note temperature 
under bonnet. Approximate settings are : 17 volts at 50°, 16*9 volts at 
60°, 16-8 volts at 70°. 

Checking Circuit 

If regulator voltage is correct, the dynamo should be insp)ected for 
bad commutation, belt slip, or <lamagcd wiring. Burnt -out regulator 
may result if dynamo D and F leads are crossed. This should be carefully 
verified in all cases. 

When a dynamo has been run on the test heiieh it sliould be polarised 
correctly before refitting on the car, so that it builds up with [M)sitive t(» 
carcase, where this is the arrangement on the car. Nine times out ot 
ten, reversed dynamo will correct itself when cut-out closes. The tenth 
time it may cause a short or burnt-out warning lamp. 



DELCO-REMY STARTING-MOTORS 

D ELCO-EEMY starting-motors are of the four- or six-pole series- 
wound types, the foui-pole type being the commonly used design. 
Some of the foui-pole starters haye field windings on only two poles, 
thus giving a four-pole-field action without the use of additional field- 
coil windings. 

Some starter-motor armatures are connected to the pinion shaft by 
means of reduction gears, while other motors have armature and pinion 
on the same shaft {see Figs. 1 and 2). 

Engagment and disengagement of the pinion with the flywheel on 
all starters is controlled by one of three types of drives, namely, Bendix, 
overrunning clutch, or Dyer drive. 

Starter-motor controls, or the method of engaging the pinion on the 
motor with the flywheel on the engine and the closing of the motor circuit, 
may he divided into three types and modifications of each, as follows : 
(1) manual switch, (2) solenoid switch, and (3) magnetic switch. 

STARTER DRIVES 

Bendix Drive 

A description of operation of this drive is given on page 313, and it 
is not necessary to repeat this here. 

Overrunning-clutch Drive 

Many Delco-Eemy manual- and solenoid-type starter -motors use the 
overrunning-clutch type of drive (sec Fig. 2). In starting, a shift lever, 
manual- or solenoid -operated, moves the clutch assembly on the spline 
shaft, shifting the pinion into mesh with the flywheel teeth. As the shift 
lever reaches its limit of travel, it closes the cranking motor switch con- 
tacts. Occasionally, instead of meshing, the pinion teeth and flywheel- 
teeth hutt. When this happens, the clutch spring compresses, spring 
loading the pinion against the flywheel teeth. After the closing of the 
switch contacts takes place, the cranking motor armature need turn only 
one-half the width of a tooth before the pinion drops into mesh with the 
flyw^heel teeth, and cranking takes place. 

After the engine begins to operate, and before the pinion can be with- 
drawn from the flywheel teeth, the overrunning clutch permits the pinion 
to overrun the motor armature, thus preventing the armature from being 
driven at excessive speed. The pinion is withdrawn from the flywheel 
teeth by the shift-lever return-spring action, after the shift lever has been 
released. 
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^ig. I (L#/l). STA.STK1- 

mmam ponn'Icted to 

P!,N!OM SHAFT MY 
MEANS OF : 

P,EAB» 

driv«*. 


Fig. 2 {Btg?it)-~STAMTEB- 

MOTOR WITH ABMATORE 
AND PINION ON THE SAME 
SHAFT 

The drive on tlio self- 
starter shown is of the over- 
Tiinning-eluteh type. 




Flij. 3 {Left). — Startek- 

MOTOB WTTE A»MA- 
TCRE AND PINION ON 
THE SAME SHAFT 
The type of drive 
shown here is a Beiidix. 
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LATER TYPE CLUTCH 


OVEfiEUJTNING CLUTCH 
) that a minimum of mass 


Fig. 4 illustrates 
two designs of the 
oTerruiming clutch. 
The later type is 
designed so that a 
minimum of mass 
is subject to over- 
running. The heavy 
outer shell, formerly 
integral with the 
pinion, is integral 
in the later design, 
with the sleeve and 
collar assembly, 
which is splined 
with the armature 
shaft. The over- 
running effect is 
more positive in the 
later type, since 
centrifugal action 
throws the rollers 
away from the over- 
running section 
instead of toward it, as in the earlier type. This makes for less noise 
during the overrunning period, and lessens the possibility of clutch 
seizure due to excessive overrunning, with its consequent danger of 
thrown armature windings. 

Dyer Drive 

The Dyer drive (Tig. 5), used on heavy-duty petrol and Diesel-engine 
applications, provides positive engagement of the pinion and flywheel 
teeth before the cranking 
operation begins. The pinion 
is moved toward the flywheel 
by a manually or solenoid- 
operated shift lever, as in 
t he overrunning- clutch drive. 

However, the Dyer drive 
causes the pinion to rotate 
as it moves toward the fly- 
wheel, so that it will find 
mesh w’ith the flywheel before 

the shift lever completes its flywheel 

travel and closes the starting Fig. n.— T he Pter drive 


lig^ 4. — Two DESIGNS of thb 

The later typ>e clutch is designed s 
is subject to overrunning. 


SHIFT LEVER 


SHIFT LEVER RETURN SPRING' 
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Fi/?. Is 1*1 >iH- 

Bl TTON TYPE tir 
HU Li;>-0! D -S WITCH 
t'oNTROl- 

Th*’ cr»ritr«j| prcw- 
switch is sitiiat/W-i «.Hi 
(lash FrtMiiw 

on this eornpletw circuit 
through solenoid on. 
starting, motor. 


Fig. 7 (Right ). — {Somisuin 

BELAV AND PUSH-BUTTON 

CONTROL 

On some cars having the 
control push-button on the 
instrument panel, the push- 
button is eormected electric- 
ally through the ignition 
switch and the solenoid relay 
circuit is earthed through the 
generator main brushes or 
through the upper contacts 
on the cut-out relay. (Refer 
to Fig. 8.) 




Fig. 8 . — V^ACl'LM SWITCH AND SOLENOID KEEAV SI 
Showing motor-eontrol circuit through vacuum sw’itch contacts iiiul eitiioi auviliary 
contacts in cut-out or generator brushes. 


352 [VOL, IV.] ELECTKICAL A1\D ACCESSORY EQUIPMENT 

«vitch. When the engine tires, the pinion is spun out of mesh -with the 
tiv'uheel in a manner somewhat similar to the Bendix type of drive. 
This demeshing takes place regardless of the shift -lever position, and 
provides an automatic protection for the motor against excessive speed, 
which would result if there w^as meshing after the engine w^as running. 

STARTER-MOTOR CONTROLS 
Manual-switch Types 

The overrunning clutch cr Dyer drive, manually operated, involves 
the use of a foot pedal Hnked with the shift lever which shifts the pinion 
into mesh and closes the starter -motor switch contacts. The foot pedal 
is usually linked to the throttle, so that the throttle is partly opened 
when the engine is turned. 

The Bendix drive does not require a shift lever. When one foot 
pedal is used for both starter control and accelerator, a vacuum -actuated 
latch device holds the starter-motor control mechanism out of the 
accelerator linkage when the engine is in operation. 

Solenoid-switch Types 

The solenoid-switch type of starter motors are controlled by ; 

(1) Push-button on dash (Fig. 6). 

(2) Solenoid relay and dash push-button (Tig. 7). 

(3) Vacuum switch and solenoid relay (Figs. 8 and 9). 

The solenoid switch is used with either the overrunning clutch or 
Dyer-drive type of starter motor, and its function is to magnetically 
shift the pinion into mesh and close the starter contacts. To accomplish 
this action, a shift plunger linked to the shift lever (Fig. 7 ) is drawn into 
the solenoid wUen the solenoid windings are energised. There are two 
windings in the solenoid : a pull-in winding which is shorted out as the 
motor contacts close, and a hold -in winding which holds the plunger in 
the solenoid as long as the motor-control circuit is not broken. The 
shift-lever return -spring action opens the motor circuit and takes the 
pinion out of mesh when the control circuit is opened. 

Dash Push-button Control 

The solenoid switch may be controlled by a ijusli -button (Tig. 6). 

Dash Push-button and Solenoid Relay 

On some applications a relay, solenoid or separately mounted, is 
used with the solenoid switch (Fig. 7). Closing the dash push-button 
energises the relay, causing it to close its points. Closing of the relay 
points completes the solenoid circuit, causing it to operate as described 
above. 
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Fuj. 9 ( Lf/l).- -V ai'I.'i M 
MW'ITi; H AN"D SOIKN Of H * 
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through th« 

K witch eon tactic, clyTiania 
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10 {Right.) — Mag- 
switch; COIM- 

TROXL.ED BY 

swraos 

Depression of tho 
accelerator pedal com- 
pletes circuit through 
the vacuum switch, and, 
as the engine fires, the 
vacuum created oper- 
ates the vacuum switch, 
opening the circuit. 


Salenoid Relay and Vacuum Switch 

Solenoid-ielay control of the starter motor in many applicatioas iiiahes 
use of a vacuum switch. In addition to making the starting o{:)eration 
automatic, the vacuum control protects the motor from unintent ional or 
accidental operation which might damage the motor or drive. The 
vacuum switch operates on manifold and throttle opening. The o|eiiing 
of the throttle causes, through linkage, the vaccum-switch contacts to 
close. The motor 'Control circuit is completed through those contacts 
and auxiliary contacts in the cut-out relay or generator brushes (Tig. Sj,or 
through the generator field and regulator contacts in the split or shunt 
field-type generator (Tig. 9). When the engine starts, the intake mani- 
fold vacuum which develops opens the vacuuni-switcli |>oints. Tlie 
control circuit is also opened at the cut-out relay, where the application 
has ent-out relay auxiliary points. 

The types which complete the circuit tlu-ough the dynamo brushes or 
field depend partly upon the counter- voltage of tlie dynamo acting back 

M.K.O. IV. — 23 
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through the ssolenuid relay to reduce the solenoid relay voltage, opening its 
]Kiiiits before the vacuum switch operates. This causes a more rapid 
demeshmg of the motor pinion as the engine begins to operate, and is thus 
an added protection for the starter motor. 

In the event that trouble is experienced in the starter-motor operation, 
it may be necessary to cheeh all of the various units in the control circuit 
to be sure that they are functioning normally. Clashing of the pinion witii 
the flywdieel teeth upon acceleration may he an indication of a defective 
or improperly adjusted vacuum switch. Failure of the motor to operate 
at all might indicate an open control circuit, or it might possibly he 
a defect in the motor itself. Test the various units of the control circuit 
with a voltmeter to determine wdiether or not battery voltage is being 
delivered to the units in the proper manner. 

Magnetic Switches 

The magnetic switches are used with the Bendix-type starting-motors 
and are controlled by push-button (remote control) or a vacuum switch 
(Fig. 10). 

With the remote-control type of switch, the magnetic coil is energised 
when the electrical circuit is completed through the remote-control switch 
on the instrument panel. After the magnetic coil is energised, the 
contact disc is drawn against the contact terminals and the battery 
current flows through the magnetic-switch terminals to the starter 
motor, thereby cranking the engine. 

On those applications, using the vacuum in combination with the 
magnetic switch, the vacuum -switch lever is linked to the accelerator 
pedal. Depression of the accelerator pedal completes the circuit through 
the vacuum switch, and, as the engine fires, the vacuum created operates 
the vaccum switch , opening the circuit immediately, making the motor 
inoperative until the engine stops again. 

Maintenance 

In order that normal service be obtained from the starting-motor 
with a minimum of trouble, a regular inspection and maintenance pro- 
cedure should be followed. Periodic lubrication, and inspection of the 
brushes and commutator as outlined here, will ensure normal operation 
and life to all parts. The disassembly of the motor at stated intervals 
for a thorough overhaul is recommended as a safeguard against road 
failure from accumulations of dust and grease and normal wear of parts. 
The battery and external circuit must he kept in good condition. Defec- 
tive cables, loose or corroded connections, and defective switch contacts 
must be checked for and eliminated w^hen found. Any of these conditions 
will result in poor starting-motor performance. 

All bearings provided with binge- cap or ball-type oilers should have 
eight to ten dops of light engine oil every 5,000 miles. Grey iron or bronze 
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bearings witli 
greas€-cnps slioukl 
hare the grease- 
cups liept filled with 
medium cup grease 
and turned down 
one turn every 
5,000 miles. Ball 
bearings 
grease- cups should 
have the grease - 
cupshept filled with 
ball-bearing grease 
and turned down 
one turn every 
5,000 miles. Oil 
plugs should he 
removed every six 
months, and the 
reservoir packed 
with graphite 
grease. Do not 
lubricate exces- 
sively , and never oil 
the commutator. On some models oil wicks are used for lubrication of t he 
centre or drive end bearing. The wick is saturated w ith oil before assembly . 
Whenever the motor is removed from the engine, the oil wick should be 
saturated with oil before the unit is reinstalled. All oilleas-tyj>e bushings 
should be supplied with a few drops of light engine oil. Never lubricate 
the motor drives, since oil tends to gum on the parts of the drive and may 
prevent proper action. 

Inspection 

The cover band should be removed and the commutator and brushes 
inspected at regular intervals. Generally speaking, car starters should 
he inspected every 5,000 miles of operation. 

If the commutator is dirty, it may be cleaned with a strip of No. W 
sandpaper. Never use emery cloth to clean coinmiitator. All dust must 
he hlown from the motor after the eomimitator has tx^en cleaned. If the 
commutator is rough or out of round, or has high mica, remove the unit 
from the engine and disassemble the armature. Turn the com mutator 
down in a lathe, removing only sutfieient material to true up the com- 
mutator and remove roughness and high mica. 

Replace worn brushes. If brushes wear ra})idly, clieek h »r exces>ive 
spring tension and roughness or high mica on the commutator. 



tA 


lig . 11.- — Special inboah.d-ttfe Bevuix bbite 



Fig. 12. — Speciajl outboard-type Bendie drive 

Unless arranged in their correct order on th© shaft, proper 
performance will not be obtained with both types of drive in 
Figs. 11 and 12. 
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OverhauliEg 

At intervals of approximately 25,000 miles, or about once a year, the 
motor should be removed from the engine and completely dismantled. 
All parts should be cleaned and worn parts replaced. 

Check the brush holders to make sure they are free on their pivot 
pins. The conmmtator shoiild be trued in a lathe. All connections 
should he carefully checked and resoldered if necessary. Use resin flux 
in making soldered connections. Never use an acid flux on electrical 
connections. Submit the reassembled unit to a no-load and a torque 
test. 

Overhauling Bendix Drive 

Bendix drive should be well cleaned, but do not lubricate, since this 
would tend to gum on the spiral and prevent proper action. If the 
pinion teeth are badly burred, replace the pinion. Check the drift -pin 
spring, since the pinion would tend to drift into mesh while the engine 
is running if this spring is w^eakened. 

Illustrated in Figs. 11 and 12 are two special types of drives, different 
in construction from the standard Bendix in that the complete drives are 
huilt up from separate parts assembled directly on the armature shaft. 
Unless arranged in their correct order on the shaft, proper performance 
will not be obtained. The illustrations show completely assembled 
drives, together with exploded views of the parts in their proper arrange- 
ment and correct order of assembly. Fig. 11 illustrates the inboard ” 
type, designed to engage the flywheel as the pinion moves inward or toward 
the armature. 

Fig. 12 illustrates the “ outboard ” type, designed to engage the 
flywheel as the pinion moves outward or away from the armature. 

The Overrunning-clutch Drive 

The internal mechanism of this drive is packed in a special higli- 
melting-point grease in initial assembly, and requires no further 
lubrication. It is not advisable to subject the overrunning clutch to 
grease -dissolving or high-temperature cleaning methods, since this may 
cause the clutch to lose its lubricant. If the pinion does not turn freely 
in tlie clutch in the overrunning direction, or the clutch tends to slip in the 
opposite direction, replace the assembly. A worn clutch, indicated by 
excessive looseness of the pinion, requires replacement. Never attempt 
to relubricate or repair a defective clutch. 

Where the overrunning-clutch shift is solenoid-operated, as illustrated 
in Tig. 7, the clearance between the pinion and housing should be ^ in. 
when the pinion is in the operating position. After reassembly of the 
starter motor, check this clearance by using battery current to hold the 
plunger in the bottom position. Disconnect the solenoid to starting- 
motor lead so that motor will not operate. Close the solenoid circuit and 
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push the phiiiger in 
by liarid. Battery 
current will hole! 
the plniiger in wliib 
the pinion clearance 
is checked. Adjust- 
ment can be made 
by hacking out or 
turning in the stud 
in the plunger 
which is linked to 
the shift lever. 

Use a iiew^ rubber 
boot, as the old boob 
may be deterio- 
rated enough to 
allow moisture and 
dirt to enter the 
solenoid. 

The throttle cracker linkage to the starting-inotor shift lever should 
be adjusted in aceordance with the car manufacturer’s iiist ructions. Care 
should be taken to avoid an excessively wide throttle opening during 
initial start, since this will put undue stress on the overrunning clutch. 

Checks on Improperly Operating Starting-motor 

If the motor turns the engine slowly or not at all, check the battery, 
battery terminals and connections, the earth cable, and the battery-to- 
motor cable. Corroded, frayed, or broken cables sliould he replaced, and 
loose or dirty connections corrected. The motor switch should be checked 
for burned contacts, and the switch or contacts replaced as necessary. 

If all these are in order, remove the cover band of the motor a ini 
inspect the brushes and commutator. The bnislit^s should form good 
contact with the correct brush-spring tension. A dirty corniiuitator can 
be cleaned with a strip of iXo. 00 sandpaper held against the commutatf^r 
with a stick, while the start ing-niotor operates with tlie ignition switch 
off. If the commutator is very dirty, or burned, or has high mica, 
remove the starting-motor, disassemble the armature, and take a cut off 
the commutator in a lathe. 

If there are burned bars on the commutator, it may indicate open- 
circuited armature coils which will prev’ent proper cranking. Iiis|>ect the 
soldered connections at the commutator riser bars. An open circuit 
will show excessive arcing at the commutator bar v\hich is u|>ciu on the 
no-load test. 

Tight or dirty bearings will reduce anna time s|)eed or |»rcvcnt tlit* 
armature from turning. A w'orn bearing, bent sliaft, or loose held- pole 



Fig. 13; . — Tor«4Uk-test 
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screws will allow the armature to drag on the pole shoes, causing slow 
speed or failure of the armature to revolve. Check for these conditions. 

If the brushes, brush-spring tension, and cominutator appear in good 
condition, the battery and external circuit found satisfactory, and the 
starting-motor still does not operate correctly, it will be necessary to 
remove the starting-motor for no-load and torque checks. 

No-load Test 

Connect the starting-motor in series with a battery of the specified 
voltage and an ammeter capable of reading several hundred amperes. 
If an r.p.m. indicator is available, read the armature r.p.m. in addition 
to the current draw. 

Torque Test 

Torque -test equipment such as illustrated in Eig. 13 is required to 
determine if the motor will develop its rated torque. The motor is 
securely clamped in position and the brake arm hooked to the drive pinion. 
If the brake arm is 1 ft. long, the torque, when the circuit to the starting- 
motor is closed, may be read directly from the scale. Some types of 
torque testers indicate the reading directly on a dial. It is advisable to 
use in the circuit a high current carrying variable resistance, so that the 
specified voltage at the motor can be obtained. A small variation of the 
voltage will produce a marked difference in the torque developed. 

Interpreting Results of No-load and Torque Tests 

(1 ) Rated torque, current draw, and no-load speed indicates normal 
condition of starting-motor. 

(2 ) Low free speed and high-current draw with low developed torque 
may result from : 

(a) Tight, dirty, or worn bearings, bent armature shaft, or loose field- 
pole screws, which would allow the armature to drag. 

(b) Shorted armature. Check armature further on growler. 

(c) An earthed armature or field. Check hy raising the ground brushes 
and insulating them from the commutator with cardboard, and then 
checking with a test lamp between the insulated terminal and the 
frame. If tests lamp hghts, raise other brushes from commutator 
and check fields and commutator separately to determine whether it 
is the fields or armature that are earthed. 

(3) Eailure to operate with high-current draw : 

(a) A direct earth in the switch, terminal, or fields. 

(b) Frozen shaft hearings, which prevent the armature from turning. 

(4) Failure to operate wdth no -current draw : 

(a) Open field circuit. Inspect internal connections and trace 
circuit with a test lamp. 
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(6) Open armature coib. Ins{H‘et the eoiiimiitator f<»r l«wily 
burned bars. Running free s|>eed, an opcni arniatiiri' mill show 
excessive arcing at the eonimutator bar which is 

(c) Broken or weakened brush springs, worn brushes, high mica 
on the commutator, or other causes which would prevent gocMi 
contact betw^eeii the brushes and commutator. Any of theg^ conditions 
will cause burned commutator bars. 

(5) Low no-load speed, with low t-orque and low-euircnt draw\ indi- 
cates : 

(a) An open field winding. Raise and insulate ungrounded brushes 
from commutator and check fields with test lamp. 

(5) High internal resistance due to poor connections, defective leads, 
dirty commutator, and causes listed under (4) (c) above. 

(6) High free speed, with low developed torque and high-current 
draw, indicates shorted fields. There is no easy w^ay to detect shorted 
fields, since the field resistance is already low. If shorted fields are sus- 
pected, replace the fields and check for improvement in performance. 

TESTING AND ADJUSTING VACUUM SWITCH FDR STARTER- 
CONTROL CIRCUIT 

Two types of v^acuum switches are used, one being mounted on the 
intake manifold, while the other is mounted on the carburettor control 
or carburettor. 

Manifold-mounted Vacuum Switch 

The vacuum switch illustrated in Fig. 14 mounts on the intake mani- 
fold and is directly connected to the throttle linkage. The switch lever 
has a pointer, which, used with the white mark on the switch rim, provides 
an easy w^ay to adjust the vacuum-switch linkage. With the engine 
idling, adjust the pointer to the white mark. Refer to ear manufacturer's 
detailed instructions covering such adjustments pertaining to the engine. 

Where other safety devices are used in conjunction with the vacuum 
switch to protect the starting-motor, the vacuum switch may l)eeome 
defective without impairing the starting- motor o{;>eration. For this 
reason the vacuum switch should be checked occasionally, as follows : 

(1) With the engine idling, disco luiect the two leads on the vacuum 
switch. 

(2) Connect a 110-volt test lamp on the tw’o terininals. 

(3) Open the throttle to increase engine s|)eed. (Xo light sluiubl 
occur from idle to high speed.) 

(4) With the engine still idling, disconnect the throttle lever froiii 
switch and move the switch through the complete range of travel. { Lam p 
should not light or no binding should occur through the total range.) 

(5) With the lever in the centre position, diseonneet the vaeiiiini line. 
Move the lever to full -throttle position and return to within J in. of idle 
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contact support 
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Fig . 14. — Manifold mounted vaci'i?m switch 



position or white 
line on the switch 
case. At this 
position, I in. 
ahead ofwLiteline, 
the contact as- 
sembly will be 
released, giving a 
cliching noise. 
(Test lamp should 
not light at any 
time.) 


(6) After con- 
tact assembly has been released, movement of the switch lever forward 
through in. to | in. of travel should complete the circuit through the 
switch- The test lamp should light. 


Carhurettor or Carburettor Choice-control Mounted Vacuum Switch 

On this type of switch, illustrated in Figs. 15 and 16, mechanical 
linkage is obtained through the carburettor throttle shaft, and the 
“ adjusting ear ” and “ push-rod ” in the switch. 

As the carburettor throttle valve is opened and closed, motion from 
the throttle is transmitted through the adjusting ear to the push-rod, to 
open or close the contact points of the vacuum switch. 


Engine not Running 

When the engine is not rumiing (Fig. 16), the carburettor throttle is 
held in the closed position by the throttle-return spring, and the adjusting 
ear against the push -rod holds the contact points open. The vacuum 
diaphragm is in the “ at rest position, as there is no vacuum in the intake 
manifold. 


Starting Position 

111 starting the engine after the ignition switch has been turned on 
(Fig. 17), closing of the vacuum-switch contact points will complete the 
motor-control circuit and cause the solenoid to mesh the motor-drive 
pinion and close the starter switch. 

De])ressing the accelerator opens the throttle valve and alloAvs the 
adjusting ear and push-rod to move as shown in Eig. 17. A 40°-50° 
throttle opening allows the contact points to close, completing the 
eraiiking-inotor control circuit. Note . — When operating the choke- 
control unit by hand always turn the shaft clockw ise (viewing carburettor 
side of choke assembly) as too much movement in opposite direction may 
damage contact spring. 
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Fig . 15. — Carburettor control mountei) vacuum swncH 


Engine Running 

As scxni as tlie 
engine starts to 
run (Fig. 18). tk^ 
intake iiiaiiifold 
and vacuum chain - 
l3er of the vacuum 
switch are evacu- 
ated through the 
vacuum passage 
shown in Figs. 15 
and 16. 

The vseuum 


This switch is identical in operation to the vacuum switch diaphragm col- 
shown in Fig. 11, which is mounted on the carburettor choke 

control. Both obtain linkage to the carburettor throttle abaft tuiii|>rcs5^ 

through a mating sub-shaft, adjusting ear, and push-rod. lUg the SWltch 

springandrotating 

the switch cam. The lug on the switch cam opens the contact points 
and latches on an insulated pin. on the contact-point blade, lioldiug 
the points open. A spring and ball detent mechanism (not shown in the 
diagram) gives a wide differential betw^een the vacuum required to open 
the points and the vacuum required to hold them open. It takes a 
vacuum of 5 in. hg. to open the points, but when once o^n they will not 
close until this vacuum has dropped to below | in. hg. This is important, 
as it guards against possible engaging of the motor pinion when the 


vacuum is very 
low, as it would 
he when acceler- 
ating under load. 

Engine Stopped 

When the 
engine is stopped, 
the vacuum dia- 
phragm attempts 
to return to its 
“at rest ” position, 
hut the lug on the 
s w itch cam, 
latched hy the pin 
on the contact 
blade, holds the 



THROTTLE 
VALVE CLOSED 


VACUUM PASSAGE TO 
CARBURETOR CONTROL 
AND VACUUM SWITCH 


contact SO pen until 
the throttle closes. 
When the throttle 


F/f/. lt>. V.\(.T r!M SWTTiTI MOrNTHD ON C \RBI UUTTmII 
CtiMTiOL— r.NlilNE NOT RrNMNii 
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PUSH POD MOVES IN 
THIS Dff^ECTlON AS 



40® to 50® Throttle Opening: Required 
to Allow Contact Points to Close. 


Fig, 17. — Operation of TACtTcrjt switch 
Engine being cranked . 



Fig. 18. — Operation 

OF VACUUM SWITCH] 

Engine running (con- 
tact points held open 
by latched cam). 


closes, the adjusting ear moves the push-rod towards the contact aim, 
opening the points sufficiently so that the cam unlatches, allowing the 
vacuum diaphragm to return to the at rest position. The contact 
points are held open by the push-rod, but are free to close when the 
throttle is opened and the push-rod moved away from the contact arm. 


Method of Testing on Engine 

The setting at which the switch cam unlatches to allow the contact 
points to close again after the engine has been, stopped is an important 
factor in the correct operation of the starting system. 

Note . — Switches are adjusted at the factory to unlatch, at a fairly 
“ fast ’’ throttle position (23°-26® throttle opening on the choke-mounted 
type, and 25°-28° on the carburettor-mounted type) to allow for the 
stiffness of new engines. If, after the engine has worn in, there is a 
tendency for the pinion to clash upon acceleration, the adjusting ear on 
the throttle cam can be bent back so that the unlatching point will occur 
at 22°-24° throttle opening. The unlatching point of the switch can be 
checked on the engine as follows : 

(a) Set idle screw for 8 m.p.h., hot idle, then stop engine. 

(b) Pull out hand throttle until distance between end of idle screw and 
cold-idle cam in fast-idle position is ^ in. This can he set with ^ in. 
spacer. Hand throttle must he left in this position throughout following 
test . 

(c) Turn on ignition and start engine. 

(d) Turn off ignition and make another start immediately after 
engine is stopped. This starting operation should be repeated at least 
three or four times. If the engine starts in each case after making the 
above check, the vacuum switch is timed properly for making contact in 
all positions of cold-idle cam. 
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(e) Pull out hand throttle until space between idle -adjust merit strew 
and cold-idle cam in fast jiosition is J in. It should l>e impossible to 
start the engine more than once with the throttle in this {lositioii. 

If starting is possible under the conditions in (e) or is not possible 
under the conditions in (6), (d), the unlatch point is not in proper adjust- 
ment, and the carburettor and control unit should be removed from the 
engine and further tests and adjustments made on a vacuum tester. 
The carburettor-mounted switch (Fig. 10) has an o|>ening through which 
the adjusting ear may be reached without removing the switch from the 
engine. Loosen the two through-bolts and swing the protective cover out 
of the way to get to adjusting ear. Tighten holts l^fore checking and 
adjusting. Bending the ear away from the push-rod lowers the contact- 
point unlatching setting. 

When assembling switch unit to choke, on the choke -mounted type, 
be sure to open the throttle to wide-open position and push the push-i^ 
in against the shoulder. This will ensure against possible damage to the 
switch-contact arm. 

As long as the choke and switch assembly functions satisfactorily, do 
not change any adjustments even though the unlatch point does not fall 
within the limits specified above. 



PETROL-CONSUMPTION TESTS 

By C. E. B. SMITH 

T he iiiaia essential in investigating high petrol consumption on any 
vehicle is the correct diagnosis of the exact position of the throttle 
at which excessive richness is taking place. 

Finding Position of Throttle at which Excessive Richness Occurs 

This can invariably he located by running the engine up light, and 
listening to the exhaust note. Heavy, lumpy running, invariably with 
hlack smoke from the exhaust, indicates an over-richness in the mixture. 

The amount of opening of the throttle valve during this test will then 
give a line as to whether the richness lies over the whole of the throttle 
range or is located at the pilot end, the intermediate jet stages, or purely 
main jet at the large throttle openings. 

Richness at all Throttle Openings 

In the event of the richness being apparent at all throttle openings on a 
car which has originally been correctly carburated, this will invariably be 
found to be due to either a punctured float, worn needle or needle seating, 
or, finally, a pressure being set up — in the case of a mechanical fuel pump 
— which is in excess of that which the needle seating of the float chamber is 
capable of withstanding. 

In the event of either or both of the first two faults mentioned being 
the case, rectification is, of course, the fitting of new parts. 

Trouble due to High Fuel-pump Pressure 

In the case of the trouble being due to high mechanical fuel-pump 
pressure, a definite alteration to the diameter of the needle seating itself 
will be necessary. To enable this trouble to be completely cured a reliable 
pressure gauge should be introduced into the fuel line betAveen the pump 
and the carburettor, and the exact pressure recorded on it should be 
noted. A suitable seating for the float chamber can then be supplied by 
the carburettor manufacturers to successfully withstand the pressure in 
question. 

Faulty Adjustment of Pilot Air Screw 

A great source of petrol wastage on the average ear to-day lies with a 
faultily adjusted pilot air screw. On most present-day carburettors, this 
controls the amount of air going to the slow-running assembly, and if set 
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on the rich results in a very marked increase in |)€troI eonsumpticm, 
due to the fact that this slow-nmning system is subject to a very higli 
dejiressitin on every overrun, with the result that when this adjustment is 
set at all on the ri(*h side, sui ov’er-rich mixture is l>eing eontinually drawn 
into the motor, and, in town work particularly, will lead to excessive 
wastage- Consequentl3% this adjustment should always l>e set, when 
consumption is being studied, as w'eak as possible consistent with dewnt 
slow-running ; if the engine tends to race when this serew^ is adjusted cm 
the weak side, then the engine r.p.m. should be skwed down hy means 
of the adjustable throttle stop-screw. 

This is very important, as quite a common habit is to slow down the 
speed of the engine tick-over by richeuing the pilot air-adjusting screw, 
instead of utilising the throttle stop-screw as mentioned previously. 

Banging” in the Silencer oa Overrun 

A point well worth bearing in mind during the original diagnosis as to 
mixture strength is the well-known symptom of “ banging in the silencer 
on the overrun. This can be caused by faulty pilot adjustment, w'hich, of 
course, can be readily checked up by alternately richening and ’weakening 
the pilot adjusting screw and checking the car on the overrun. One of 
the main causes of this symptom, however, is a had air leak in the silencer 
system, either in the silencer itself or at one of the exhaust flanges. This 
results in a certain amount of richness, which must take place from the 
pilot system on the overrun, passing through into the warm silencer, and 
the amount of air wdiich it picks up from the air leak on its w’ay makes it 
so readily combustible that the heat of the silencer ignites it, with a second 
small explosion, wTieh is alluded to as “ banging ’’ in the silencer. This 
point should alway^s be well cheeked up before any alteration to car- 
burettor setting is made. 

Mistaken Use of Small Jets 

A great fallac3^ which seems to be much believed, is that a good petrol 
consumption can be obtained by the usage of small jets in the carburettor. 
This is quite a mistake, as, invariably, the usage of a very thin ” mixture 
setting will not give as good all-round petrol consumption as a correct 
setting, due to the fact that for a given speed t he throttle has to be opened 
very much more on the very thin setting than it would Im? on the correct 
niixiiire, with an ultimate increase in depression on the jets. 

Tuning up for Good Petrol Consumption 

When tuning up, therefore, for eoiisimiptioii, the correct jet setting 
to give the inaximtini performance of the car should be fitted, with special 
attention ])aidto the slow -running adjustment, as previously mentioned, 
and such things as leak\’ washers, dripping ta]>s, etc., fully eliminated. 
By this means it will be found that a really good petrobconsiiniption 
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figure vill fie obtained without in any 
way detracting from the performance 
of the Tehicle. 

A Further Adjustment on Acceleration- 
type Carburettor 

Another adjustment on the 
acceleration pump-type of carburettor 
can be achieved fiy altering the time 
period of the pump stroke. This, on 
most pump-type carburettors, consists 
of an adjustment of the stroke of the 
pump as well as an adjustable pump 
jet. It will often be found that snap 
acceleration, when the accelerator 
pedal is suddenly depressed, can fie 
obtained quite as readily with the 
pump set to give quite a small stroke, 
instead of utilising its full stroke, with 
the consequent positive saving of a 
certain amount of fuel each time the 
accelerator is suddenly depressed. It 
will be readily appreciated that a 
large saving can accrue over a long 
run fiy this method. 

PETROL- CONSUMPTION TESTS 

Now, as regards general means of 
testing petrol consumption, there are 
really three methods of going about 
this : 

(1) Using a flowmeter attached to 
a car test set. 

(2) Checking the analysis of the 
exhaust gas, which is a direct indica- 
tion of mixture strength. 

(3) Road test of miles done on a 
known quantity of fuel. 


[Lejt) Amal flowmeter fob 'TestiivIu petbol 

CONSUMPTION 

The flowmeter is coupled in the fuel system. 
Pints per hour scales are indicated in the 
centre. The white scales indicate the corre> 
spondiiig miles-per-gallon figures at various 
{JBy courtesy of Shaw <& Kilbur^i, Lii.) 
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Use of a Flowmeter 

Witli regard to the first method, thw usually eousists of an Aiiial 
flowmeter which is incoriX)rated in a large test set w^hich Ls etiuipped for 
showing the brake horse-power of the car being tested, as well m pints i>er 
hour being used at certain road s^^eeds ; subsidiary tackle k usually in- 
corporated for synchronising brake adjustment, etc.* The Amal flowmeter 
in this case is coupled in the fuel system and indicates by means of the 
leTel of petrol in a glass tube, on a scale, the pints per hour which the 
carburettor is taking. The float chamber on the flowmeter itself main- 
tains a constant level in this instrument, and the fuel supply to the glow 
tube is controlled by a knowm size “ venturi jet.” Consequently, a bal- 
ance is obtained between the venturi jet and the amount of fuel flovring 
to the carburettor. This results in a certain level being reached in the 
glass tube, which is then read oiff a scale-plate at the back in pints per 
hour. 

When dealing with these instruments, great care should be ererci^d 
that all air bubbles, etc., are cleared from the machine before a run is 
made, otherwise an artificial level of fuel in the glass tube can be obtained, 
resulting in a wrong reading being taken. 

Naturally, the procedure with, this instrument when it k used for 
checking petrol consumption is to take a series of readings at various road 
speeds with various brake horse-power indicated and the smallest pints- 
per-hour reading possible being obtained on the flowmeter. It is always 
essential, of course, on any of these tests, to take a base reading before the 
carburettor is touched in any way, so that one knows exactly the value of 
the improvement obtained. 

Dxhaust-gas Analysis 

Fegardiirg the second method, of exhaust-gas analysis, a typical port- 
able plant consists of a sampling tube clipped to the exhaust pipe of the 
vehicle, which leads through the instrument and records on a movable 
p)ointer the petrol-air ratio of the mixture strength. This instrument, 
which is quite compact in size and shape, can be carried inside the car, 
and a run done over a known test circuit. Petrol-air ratios can then he 
jotted down by an observer in conjunction with speedometer readings 
at certain points of the test circuit. This can then be repeated after 
carburettor adjustments have taken place, and their various effects can 
be then noted by the alteration in petrol-air ratios shown. 

This method, of course, is a pure comparator, and gives only a ready 
indication of the alterations which have been made to the carburettor 
setting. 

How to carry out a Petrol-consumption Test on the Road 

Concerning the third and last method of petrol-consuniptiun test , this 
consists in using a certain quantity of fuel over a known mileage, giving 



368 [VOL. rv.] ELECTRICAL AND ACCESSORY EQUIPMEIJ^T 

the actual eorisuiuptioB of the car in question in miles per gallon. Tliere is 
only one absolutely foolproof method of doing tliis, and that is to utilise 
a small test tank, which can be of any capacity, but which should have a 
small -diameter vertical filler neck on which a visible mark is scratched. 

This tank can be put in parallel with the main fuel system of the car 
and the necessary three-way tap incorporated close to the driver, so that 
the car can be driven to a certain test circuit on its own fuel tank, and then 
at will switched over to the consumption-test tank at a given point. 

The Test Run 

The normal procedure is as follows : fill the test tank up before leaving 
the repair works to the mark on the narrow neck of same. It is then 
necessary either to work on the car speedometer, if known to he accurate, 
or else, better still, as previously mentioned, to use a test circuit the 
mileage of which is accurately known. 

In the first case, the speedometer trip is set to zero, the test-tank tap 
is opened, and any mileage is done within the capacity of the test tank. 
In the case of the known mileage -test circuit, the tank is switched into 
operation as the first mark of the test circuit is passed, and again switched 
out of operatiou as the last mark of the test circuit is passed. In either 
case, therefore, a known mileage has been done, which is the essential. 

Measuring the Amount of Petrol Consumed 

The procedure is then as follows : By means of a fluid-ounce measure, 
the small test tank is then “ topped up until it is up to the mark previ- 
ously mentioned on the filler neck. Having a narrow vertical neck does 
away with the possibihty of error in the filling. The number of ounces 
which it is necessary to put in to fill up to the mark must he carefully 
noted. 

Calculating Miles per Gallon 

160 X M 

= miles per gallon, 

31 being the number of miles travelled, and Q quantity used in fluid 
ounces, the petrol consumption in miles per gallon can be determined. 

This is a very much more accurate method than, say, putting a gallon 
of petrol ill a tank and running the car until it is consumed, as it does 
awa}^ with the possibility of error due to fuel running out in the one case 
on a down-hill gradient, or in another case on an up-hill gradient, etc., 
which on a small quantity of fuel naturally multiplies the error imineiisely. 

It will, therefore, be noted that the actual capacity of the test tank is of 
no moment, it being necessary only to accurately measure the amount of 
fuel put in to top up to the original mark on the neck. 
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The Anial Flowmeter 

Reverting Iniek to the use of an Ainal How meter, the iliiintration .sliows 
this instruineiit, ou vvliieh will l>e noted the pirits-{>er-hour scales sitiiiitefl 
in the centre, and on either side white subHidiary seales which eorivcTt 
these readings to niiles-per-galloii figures at an indicated miles-|KT-hour 
speed. 

It will thus be seen tfiat the miles |>er gallon ean Ix^ immediately rea<i 
off the instrument by referring to either the right- or left-hand scale" plate, 
according to which pints- per-hour tube is l:)eing used. Should at any time 
a discrepancy be suspected in the functioning of this flowmieter, a ready 
check is quite easily made. The fuel pipe from the flowmeter to the 
carburettor should be disconnected at the tap of the flowmeter, and this 
tap should he slightly opened to allow a small quantity of fuel to run out. 

With the aid of a stop-watch and a certified glass measure a timed flow' 
for one minute should be taken, which, after being converted into pints 
per hour, should be compared with the actual scale reading. 

A set of these readings should then be taken over the whole of the 
scale, that is, by varying the tap opening, and unless the scale readings 
absolutely agree with the measured quantity, there is then some error in the 
machine’s recording. This is invariably traced to dirt or foreign matter 
of some description getting into the venturi jet, which is situated at the 
base of the flowmeter tubes. There is a separate venturi jet for each scale, 
that is, tw’o per machine. In the event of one of these jets getting slightly 
silted up, the machine w ill record a greater pints -per- hour flow’ than is 
actually taking place, due to the fact that the balance betw'een the filling 
and emptying of the glass tube has been upset. 

These venturi jets should be cleaned wdth a piece of soft twine or w’ool, 
and under no circumstances should be cleaned out by using a metal instru- 
ment, such as a needle or a reamer, as, should they in any w'ay l>e enlarged, 
this then renders the scale readings inaccurate. 

In the event of the venturi jet apparently being clean, as well as the 
rest of the machine, and the scale readings still not indicating the true 
quantity collected in the nieasuriiig glass, then the makers’ assistance 
should be called in. 

Do not alter Carburettor Petrol Levels 

In conclusion, it might be as well to draw attention to the fact that 
under no circumstances should petrol levels of carburettors be altered in an 
endeavour to obtain a good petrol consiiuiption ; invariably the level set 
by tlie makers has been found to be ideal for general [uirposes, and an 
alteration to this will most probably lead to the ol)taiiiing of an unsatis- 
factory setting. 


M.Il.O. IV. — 



THE ELECTRICAL EQUIPMENT ON THE 
HILLMAN MINX 

DYNAMO 

T he bearings supporting the dynamo armature should be lubricated 
sparingly at intervals of approximately six thousand miles. It is 
also advisable to examine the commutator and brushes periodically, 
and to clean the commutator if necessary. 

In cleaning a commutator it is important that emery cloth should not 
be used. The most satisfactory method is to use one of the pumice sticks 
s|)ecially prepared for this purpose, but if this is not available, glasspaper 
will be found to be a fairly satisfactory substitute. 

Pressure of Brushes 

It is most imimrtant that the brushes should operate freely in their 
carriers, and if, as the result of continual use, the spring pressure on the 
brushes appears to be unsatisfactory, it can be tested as follows : 

Hook a small spring balance round the loop at the end of the spring. 
The spring on the thin control brush should lift when a pull of 14 ozs. or 
more is applied, whereas the spring on the main brushes should not lift 
until subjected to a jmll of at least 18 ozs. If the brushes have worn 
extensively and replacements are fitted, it is usually advisable to test the 
spring tensions, as they may have been overheated by use with worn 
brushes, and will as a result have lost their strength. 

When new brushes are fitted, the bedding of these brushes to the com- 
mutator is accomplished by the use of the special pumice sticks on the coni- 
niiitator. The pow der clings to the commutator and in the segments and 
satisfactorily beds the brashes to the commutator. After the commutator 
stick has been used, the dynamo should be left running for approximately 
five minutes with the brush cover removed. The remaining powder 
should then be blown away. 

Commutator 

After extensive use the segments or bars of the commutator will have 
worn. It then becomes necessary to cut back the mica insulator fitted 
between each coniinutator bar. This must be done with extreme care, 
use being made of a parallel-sided saw. 

As s[)ecial eipiipinent is really necessary, it is recommended that this 
should only be undertaken by a fully qualified electrician possessing the 
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Fig, 2. — Switch ccwNTEtTiONs 


equipment. To gain access to the eoinmutator for this treatment it 
be necessary to dismantle the dynamo, as described later. 

Control Brush 

On examining the brush gear, it will be found that the thin brush is 
mounted so that it can be mored relative to the two fixed brushes. The 
original setting is marked with white paint. The dynamo is despatched 
from the factory so that it gives its maximum safe output. The output 
of the dynamo can, however, be reduced should circumstances demand it, 
by moving this control brush slightly in the opposite direction to that in 
which the armature turns. 

To Dismantle Dynamo and Rebuild 

Remove dynamo from engine. Remove fan pulley. Remove two 
holts passing from end to end of the unit. Withdraw carefully the com- 
mutator end, and when this has been brought a short distance, disconnect 
the leads to the brushes. The end complete with brush gear can then be 
removed. The armature complete with the front end plate can also be 
withdrawn. 

In rebuilding the unit, extreme care must be taken to lift the brushes 
so that they pass over the edge of the comimitatoi*, otherwise damage will 
be done to the brush gear. 


STARTER MOTOR 

The attention required by this unit is very similar to that required by 
the dynamo, although it will not be necessary to attend to this except at 
very long intervals. 

In the ease of the starter motor, a tendency to blacken the commutator 
will he noticed. This is inevitable. As the occasion arises, the commuta- 
tor should be cleaned, xisinga commutator stick as for the dynamo. 

Starter Drive 

The starter engages in the flywheel through a special punion operating 
on a spiral. The important point is that this pinion or its spiral should 
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not be lubricated in anv way, and it should lie examined fieriociieally to 
make sure that it is clean and free from oil, as if oil and dirt are allowed t4> 
coagulate, the engagement of this pinion in the fiywhi^‘1 may 
spasmodic. 

To prevent the pinion from rolling forward and catching the flywheel 
a light spring is fitted in front of the sliding pinion, i.e. between the pinion 
and the starter motor. If any noise is heard from this part, particularly 
when the brakes are applied, it indicates that this spring should be replaceni. 

In the event of the starter motor pinion becoming jammed in the starter 
gear, this can be freed by removing the small cover held over the forwawl 
end of the armature spindle by two small screws. This will reveal a square 
shank, and it should be turned in a clockwise direction b}" means of a 
spanner. 

If it is necessary to dismantle the starter pinion, the starter should be 
removed and the left-hand threaded nut unscrewed from the rear end of 
the armature spindle, w^hen the spring, sleeve and pinion may be removed. 

Lubrication 

The cap held by two small screws at the forward end of the armature 
spindle is filled with grease during erection, and it is unlikely that it will 
require further attention except at very infrequent intervals. 

If the starter should become noisy, particularly after the car has 
started, wdiilst the starter revolutions are dying down, it is an indication 
that grease is required at this point and the cap should be removed. 

The rear bearing for the starter armature is packed with lubricant 
during erection and docs not require attention. 

IGNITION SYSTEM 

Cleaning of Points 

When the engine has been in use for some considerable |>tTiod, an 
examination of the contact breaker points on the distributor will reveal 
that whilst a crater has formed in one point, a corresponding tip or |K>int 
is built up oil the op])osite point. 

To clean the distributor points and at the same time to ensure that 
there is no undue wastage of material, the point vutli the crater shouhl 
not be touched. The ti]) formed on the other point slumld bt' lightly 
ground off on an oil stone. 

Lubrication 

Mounted at a })oint on the distributor body in some 193ti-7 and in 
11)38 anti H13l> models is an ordinary oiler. Thin lubricating oil shouhl 
he applied here, when it will percolate through the porous bush support- 
ing t he distributor shaft and thus p>rovide lubrication at this point. Stmie 
distributors on H)36-7 models are provided with a grease cap which should 
be moved two turns approximately every l.hOO miles. 
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Upon removing the distributor eap and the rntor, it will k: tluit 

the eani gear is hollow and that the <listribut«>r shaft is extended tliroiiirli 
the earns. Aetiially t he earns are a(Ivam*ed by t he rent ritiigal 
on the distrilnit or shaft at this point. 

To prevent seizui*e, oil should l>e apjrlied to tin* head of flie shaft, 
which is ea})ped fry a setscrew and which rietnl not l»e r^tanoveil. This oil 
will pass down the bearing, keeping the earn gear fret\ and also provide 
lubricant for the pins supporting the eentrifugal weights. 

Suction Advance Mechanism 

The centrifugal control in all Hillman Minx from Chassis No. 1(«>54SI 
(1938) is supplemented hy an external suction contml device vihicdi is 
connected to a special point on the carburettor. 

It is essential that the distributor should operate freely in the intniiit- 
ing bracket scoured to the cylinder head. This |X)int should be <tie<‘ked 
periodically, and if necessary the distributor should l>e reniov'Hi from the 
mounting bracket so that the bearing l)etvveen the two liiay be lubricated 
with a graphite grease. 

Coil 

The coil requires very little attention. It Is, however. inijwDrtant that 
surface leakage between the terminals should l>e preveiite<i by keeping 
the top of the coil quite clean. The earth return from the coil is tlmnigh 
the battery, and thus poor battery connections will cause a riiistire and 
ignition troubles. 

Cut-out and Fuse Box 

This is mounted on the dash pan and is a unit witli the jiinetirm box 
show^n on the wiring diagrams (for 1939 models, .see page 371). Btdow 
the cover of the cut-out two fuse eli{)s are provided ; the short fust* of 
6 am])s. capacity is in the dynamo held circuit, whilst the long fust* of 
25 amps, capacity is provided for the auxiliary etiui{>inent, such as litirn, 
windscreen wiper, traiHcators. roof light, etc. Should any fitting l>t‘ 
added, it should he connected to the terminals marked “ AUX " and 
“ E ” so that this fuse is incorporated in the circuit. 

(Jreat care should be taken that the points of the cut-out are not 
pushed together whilst the lid of the cut-out is removed, for, say, the 
replacement of the fuses. As a precautionary measure any odd piereof 
thin card, such as a cigarette card or a tram ticket, sliould be placed 
between the cnt-oiit points whilst the fuses are receiving attention. 

To Remove and Refit Speedometer 

To remove speedometer on 1939 models, di.sconncct sptvdonietcr 
cable. Remove ])anel switch complete with bracket by undoing tht^ two 
screws securing the bracket to the speedometer. Pull panel Inilbs (oit of 
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rear of speedometer. Remove knurled nuts securing clamp to speedo- 
meter and disconnect earth \vire. Speedometer can tlien he removed 
through front of panel. 

The replacement is a direct reversal of the above operations. Take 
care to replace earthing wire below knurled nut of clamp. 

Instrument Panel and Warning Bulbs 

There are four 6-8 volt (2 watts) screw-in -hulbs on the instrument 
panel, all of which are interchangeable except petrol gauge bulb which is 
special 6-8 volts (1*8 watts). The holders of the ignition and oil pressure 
wiring bulbs, also the lighting bulbs in the speedometer assembly, can be 
pulled out of their sockets. In the case of the fuel gauge, the contact 
plate to the low’er contact of the bulb is pushed to one side when the bulb, 
complete with holder, can be withdrawn. 



THE ELECTRICAL EQUIPMENT OF THE 
FIAT MODEL 500 CAR 

Batteiy 

A MARELLI 6 BA 7 or Exide 6 LHS7-1, of 30 amp. hours eap^eity, u 
fitted ill a box iiiider the floK)r of the tail of the kKly on the left-hand 
side and is easily accessible for ins|>eetioii. 

Starting Motor 

This is located on the left-hand side of the eylirid?r block, anpg 
riieiit of the motor pinion with the flywheel crown is controlled, at tfie same 
time as the starting switch, by a pull knob on the dash. From engine Xo. 
033508, the pinion is fitted with free-wheeling devit^e ami is driven by the 
starter motor spindle through tw'o reduction gears. Prior to this serial 
engine no. the motor spindle drives the pinion directly. The pinion is 
not provided with a free-wheel device. 

Lamps 

These are mounted on the wings by means of a ball headed stud, 
allowing of easy adjustment of the light beams. The lamj) for town driv- 
ing is 3 w'atts, a central double filament 35 watt lamp is used for head- 
lights and 20 watt lamps for anti -dazzle lights. 

The dash lamp with push button switch on the instrument Ixaird is 
provided with a revolving shade which can be turned so as to light up 
either the instrument board alone or the whole of the interior of the ear 
(3 watt lamp). 

A pliig-in connection for an iiispectioti lamj) is provided under the 
facia board. 

Accessories 

Direction indicators are fit ted on the sides of the windscieen, and from 
chassis No. 014420 are mechanically controlled by a handle located on the 
upper edge of the facia board. Tp to chassis No. o 14420 the direction 
indicators are controlled by meatis of solenoitls arranged lH:‘hiiid the 
instrument board. 

Fuses 

The two fuses prt Meeting the installation, situated behind the external 
lighting switch, serve respectively the following ; 

Right-hand fuse for right-hand headlamp, anti dazzle lights, town 











Section A-A 


CC 



FitJ. '2. -Sk<TIIJNAL VIKWS OF L>VNAMO 


lights, iiistriimctit board light, '“stop" light, screen wiper, direi-tioii 
indicators, plug-in socket tor iiispe(*tion lamp : lei‘t-hainl fuse lor left- 
liand headlaiiij), eleetric horn, and tail lamp. 

Even when t lie fuses are burnt out or removed, the cireiiits for the 
ignition, the battery ehargiiig and the red warning hnnp remain 
active. 

Por cars up to No. (do734 and Itetweeii Nos. i>n»771 and 
however, a ditfereiit svviteh is ineorpiuatetl and tlie fuse> provided 
at its rear ])i’(>teet the following items ; the right-hand fuse protects 
the i*ight-liand headlamt*. tbe lamp tor the taeia hoard, tlie tail litihl. 
and the st*reen wiper. The left-hand fuse protects the left-hand head lamp, 
the anti-dazzle lights, the town drive lights, the horn, and the dircetion 
indicators. 
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Fig , 3. — Electricax equipmlejnt diagram 

f lever -controlled s^dtch for the exterior lighting is shown. B. Ignition 
mil, Ba. Battery U. Direction indicator switch, D. Dynamo, JDr. Ignition contact breaker, 
Ds Ignition switch K 2(bamp. fuses, la. “ Stop ” lamp switch. Id. Direction indicator 
(optional), iq. Dash lamp switch. Is. Starter motor switch (operated from dash), Li. 

W Dash lamp, P. Electric horn button, R. 
Antomatio cut-out, fe, Nelf-startiag motor, T. Electric horn, Te. Screen wiper, Tail 
lamp and stop signal. . ^ 
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Fig^ 4. — DYNA.MO ClRt'l IT DF.MiiiAM 
The warning lamp iinlimtvs when ti^vnam*) in ant charging 

Controls 

In the centre is the lock-and-key switch for ignition and external 
illurainatioii. The key of the loek-and-key s’uitch can l>e inserted dovn 
to the first stop to control the external liglits, but to cIohc^ the ignition 
circuit it must be pushed farther down. 

For cars up to No. 015734 and those between No. 016771 and No. 
019839, a different control switch is used. A lever switch for external 
lighting is provided. In the centre of this switch, a key switch is provided 
for controlling the ignition. On the pivot of the lever eoritrollirig the 
external lighting switch is a red tell-tale lamp which show's when the 
dynamo voltage is not sufficient for charging the Imttery. 

Headlight Alignment 

Place the ear on level ground, at a distance of 5 metres (nearly 17 feet) 
from a shadowy w’hite screen. See that the length of t he car is square w ith 
the screen. 

Draw a vertical line on the screen, corresponding to the vertical axis 
of the car, and then trace on either side of this line a cross at a iaught of 
2 ft. 4 ins. from the floor and at a distance of 3 ft. :2i ins. frtnn each other. 


Fig. 5. — Dvnamo ckaeue 

CTEVES 

The maximum charge 
is the one supplied hy the 
<l\,Tiaino without Held re- 
sistance. Maximum charge 
witii warm engiiio 7-5 aiiij). 
Sttiiidaril cliargc with warm 
mgiue tea ariipi. 



R, p m 
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With ear unladen, direct the headlamp light straight on to the screen so as 

^ f eeatre of each pool of light coincide with the cross on its side 

of the vertical line. The headlamps iua_v be adjusted after slacheiiiiitr 
tile lower luit which fixes each to its support. ' ^ 


IGIVITION DISTRIBUTOR 

The i^iition distributor is a Magneti Marelli 8 i>5 P U tvoe 
The clearance betiveen tlm breaker points should be -0 Hi in: to -OIS i„ 
^+f T device begins to operate when the enn-ine his 

-*!» ,,1“'”'’ "I'™™ s «S“d“ 
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IGNITION COIL 

The ignition coil 
is of the Magiieti 
Marelli tfpe. At 
various engine 
spee ds regular sparks 
8 mm . ill length 
should be observed. 

The sparking 
plug gap should be 
•015 in. to ’020 in. 

DYNAMO 

Fig. 8. — Dynamo armatuke coix winding diagram The dynamo is 

of the Fiat 75/12 

type, giving 75 watts. It has two poles and ^rd-brush -and -resistance 
regulation. It begins to charge (on top gear) at 12 1 m.p.h. The maxi- 
mum output with headlamps off is 6*5 amp., and with headlamps on, 
7-5 amp. The rotation (coupling end) is clockwise. The transmission ratio : 

is 1 : 1.25. 

dynamo 

Adjusting Tension of Dynamo Driving Belt 

The pulley on the dynamo spindle consists of two outer discs with 
several intermediate spacing rings forming the pulley groove. When 
the belt becomes slack it should be drawn off and the pulley dismantled. 
One dr two of the spacing rings should then he moved to the outside of the 
pulley side discs. In this way the pulley groove will be made narrower 
and the belt will be 
tightened. 

Automatic Cut-out 

Data for adjust- 
ment : spring tension 
against the contact 
holder, about 10 oz. 

Gap between iron core 
and contact holder, from 
■02 in. to -04 in. closed. 

Closed contact voltage 
12-5 at 770 r.p. in. Dis- 
connection outi>ut, 2-5 
to 3 amps. 




F’uj. D.-- St.ARTER motor AIiM.ATL RE COIX WINDING DIAGRAM 
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REWINDING DATA 

Dynamo Windings 

In case of a rewind, the coil winding data is as follows : 

Armature Wiifidings — symmetrical. 12 slots, 24 comm. bars. Wind- 
ing pitch 3 + 5. Pitch to the commutator + 1. 52 wires per slot. 4 

coils per slot. 13 turns per coil. Total 624 turns. Diameter of bare 
wire *03 in. Diameter of insulated wire (enamel and double cotton 
covered), maximum in. 

Field Windiyiga . — 2 poles, 212 turns per pole. Diameter of copper 
wire 0*70 mm. 

Starter Motor 

The construction of the starter motor may be seen from Dig. 6. 
Maximum power developed is 0*70 h.p. Dotation (pinion end) is clock- 
wise. Transmission ratio, engine : motor is 1 : 8*4. 

Starter Motor Windings 

The following winding particulars may be useful in case a rewind is 
necessary. 

Armature Coils, — Series winding. Winding pitch, 5. Pitch to com- 
mutator, 9. 19 slots, 4 wires per slot, 38 coils. 2 turns per coil, 76 turns 

in all. 19 commutator bars. Diameter of insulated wire 2-1 to 2*3 mm. 
Field Coils, — 4 poles. 5 turns per pole. Copper section 4-8 sq. mm. 



HUDSON & TERRAPLANE 
ELECTRICAL EQUIPMENT 

S INCE 1937, 12- volt electrical equipment hm been used on Hudson 
and Terraplaue ears in this country. Wiring diagrams and detoils 
applicable to the 12-volt equipment for the 1937, 1938, and 1939 
models are therefore given in this section. 

Hudson 16*9 (1939) 

Fig. 1 shows the wiring diagram of the Hudson 16*9. Details of the 
electrical equipment are as follows : 

k 12-volt 75-amp. 11-pkte Exide-type 6XCK.ll battery is used. 
The dynamo has a charging rate of 8 amps, on cars fitted with a dynamo 
relay ; where a voltage regulator is installed for radio the rate is 12-5 
amps. ; adjustment is made by means of the third brush. Lamp data : 
headlamps, 36 watts each, D.C. base ; side lamps, 4 watts, S.C. ; instru- 
ment lamps, 3 watts, S.C. ; dash signals, 2 watts, S.C. ; dome lamp, 
9 watts, S.C, ; licence-plate lamp, 4 watts, S.C. ; stop ” and tail lamps 
18 and 3 watts, D.C. ; indicator sipals, 3 watts, festoon ; t>eam indicator, 
2 watts, S.C. ; and service lamp, 3 watts, S.C. 

Fuse data for the Hudson 16*9 car is : lighting circuit fuse, 20 amps. ; 
accessory circuit fuse, 20 amps. 

Hudson Six 21*6 (1939) 

The wiring diagram of the Hudson 21-6, 1939 model, is shown in Fig. 2. 
Battery, lamp bulb, and fuse particulars are as for Hudson 16-9, 1939 
model. The speedometer and clock lamp is 3 w^atts, S.C. The dynamo 
charging rate is 12*5 amps., adjustment being by means of third brush. 

Hudson and Terraplaue (1938) 

The wiring diagram of the Hudson Terraplane ( 1938) model, is shown 
in Tig. 3. An Exide 75-amp.-type 6XCM.11-1 battery is used. The 
dynamo of the standard series, i.e. cars not fitted with voltage regulator, 
is 8 amps. On the De Luxe series and all Hudson models the rate is 
12*5 amps. Adjustment is made hy means of the third brush. 

There are two fuses of 20 amps, controlling the lighting and accessory 
circuits. 

The w’attages for the lamps are similar to those given for the Hudson 
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16-9, exoe|)t the dome lam|) (B watts, S.F.) and the tail anci “ stop '* liiriip 
(21 and 6 watts, D.C.). The indicator *s\v it cli lamp is '3 amp.. SX\ 

Hudson 112/89 series (1938) 

The wiling diagram for this car Ls given in Fig. 4. and the hatterv and 
fuse data are as for the Hudson Terraplarie of the same year. The 
charging rate on cars fitted wdth a generator relay is H aiiips4. Where a 
voltage regulator is installed for radio, the rate is 12*5 amps. 

The lamps fitted are : head, 21 and 50 watts, I>.(\ ; side, S watts, 
S.C. ; instrument, 3 watts, S.C. ; dash signals, 1*5 watts, S.C. ; dome, 15 
watts, S.C. ; licence plate, 3 watts, S.O. ; tail and “stop,” 21 and f» 
watts, D.C. ; indicator signals, 3 watts, festoon ; indicator-switch lamp, 
•3 amp., S.C. 

Hudson and Terraplane (1937 series) 

The wiring diagram for these cars is given in Fig. 5. The battery^ and 
charging rate are as given for the 1938 Hudson and Terraplarie. 

Lamp hulhs are : headlamps, 40 watts each, D.C. ; side, instrument, 
service light, licence-plate lamps, 3 w^atts, S.C. ; tail and “stop.” 21 and 
(> watts, D.C. ; dome eight, 15 watts, S.O. ; dash signals, 2 watts, S.C. 

THE ELECTRIC HAND 

The electric hand provides a means of changing the gears of an 
ordinary gearbox hy mechanical power. The control of the mechanism is 
electrical, while the power for the changing is derived from the vacuum of 
the engine -intake manifold. 

Clutch Circuit Breaker 

When the clutch is engaged the electrical supply circuit to the electric 
hand is open, so that it is necessary to disengage the clutch l>efore a gear 
change can be made. This circuit breaker is operated through linkage tet 
the clutch pedal, w^hieli is adjustable to determine the exact amount of 
clutch disengagement before t he circuit is closed and a change made, and 
also the amount of clutch engagement before the power is again cut ofi’. 

The Selector Switch 

The select ion of the gear desired in the gearbox is made by moving t he 
lever of the selector switch to the corresponding position in the H -plate 
of the selector-switch housing. This selects the proper lanaiit to iTaitnil 
the shifting mechanism. 

The Interlock Switch 

This switch interrupts the circuit from the selector switch to the 
power unit to insure a change to neutral to p>eriivit a cross-cliaiige, it this 
is necessary before the final movement of the change is made. The 
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switch is mechanically controlled by linkage fnnn the cnw-cnan^ 
mechanism. This linkage is adjustable and inci)r{K> rates a “ lost met ion ' ' 
slee're to ensure tlie completion of the cross-change before the circuit is 
changed to correspond to the one selected in the selector switch . Without 
this switch, preselection from one gear to another which requires a cross- 
change would he impossible, while any change would have to lye made 
slowly to ensure the mechanism fallowing the control movement. 

Contact Plate 

A contact plate on the earlier models oj)ens the circuit after the gear 
change has been completed. This switch Ls controlled by a rcKi iX)nnected 
to the bottom of the changing lever (A) (Fig. 6). 

Power Unit — Solenoids and Valves 

The selector switch, interlock switch, and contact plate control the 
electrical connections to three solenoids, each of wiiieh operate* a valve. 
These valves are connected in the vacuum line from the engine -intake 
manifold, and control the vacuum to the cross-change or diaphragm 
cylinder and power cylinder. The valves are of the |>oppet type and are 
held up by small springs. When a solenoid is energised, the valve which 
it controls is pulled down. 

When the valves are in the upper position, the vacuum line is closed 
from the engine and the lines to the diaphragm cylinder and power 
cylinder are open to atmosphere. 

When the valves are in their lower position, the vacuum line from the 
engine is connected to the diaphragm cylinder or f>ower cylinder. 

One valve controls the cross-change, one the forward, and one the 
rearward movement of the gearbox change rails. 

Power Cylinder 

The power cylinder has a vacuum -operated piston which firovides the 
power for the forward and rearward movement for changing the gears. 
When the valve (21) (Fig. 6) in the vacuum line to the rear of the power 
cylinder is drawn dowm by its solenoid, opening the vacuum line, the 
piston moves backward. When the valve (20) in the vacuum line to the 
front of the power cylinder is drawm down by its solenoid, the p)ist€n 
moves forward. The movement of the ])iston is transmitted to the 
changing lever (x4) through the control cross-shaft (E) and inner and 
outer levers. 

Cross-change Cylinder 

The cross -change cylinder is of tlie diaphragm type. A spring ( F) 
(Fig. 6) in the cylinder presses the diaphragm forward, wliieh. tliruiigh 
connecting linkage (F, G, E), holds the change lever (.4) of the traiis- 
inissioii engaged with the high- and second-speed change-rail fork i H) 
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Fig. 7. — The ei.kctrk’ hand (1935 -3(> modeks) 
The selector in neutral position bvit pushod to the left. 
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(Fig. 6). When the valve (22) connected to the eroas-ehange cyliiicier is 
drawn down by its solenoid, the diaphragm moves haekwaril, pulling the 
tellcrank {F) which moves the control shaft (E) to the right toc^rigape the 
lower end of the change lever (Al) with the low' and .rtn'em* change-rail 
fork {€). This position is show'n in Fig. 7. 

Operation (193S~36 models) 

Fig. 6 shows the selector in neutral, wuth the lever held to the right by 
the spring (Z). The gears are also in neutral, and the lower end of the 
change lever (AL) is held to the right by the spring (I) in the diaphragm 
cylinder, so that it is engaged in the notch of the high and intermediate 
change fork (^). 

The valves (20), (21), and (22) are up against their seats, so that lioth 
the front and rear of the power cylinder and the cross-change cylinder are 
open to the atmosphere through the air cleaner. 

If the clutch is depressed, closing the circuit breaker, the circuit will he 
closed to (10), through the contact sleeve to (9), to (3) and ( 1) on the inter- 
lock switch to (13) on the selector to (15) to plate (If) of the contact 
plate. Since the fingers (LL) and (MM) do not touch the plate (If), the 
circuit is open. 

If, however, the gearbox were in high gear, the contact -plate sliding 
Mock (0) would have moved forward to the |)osition of Insert A. The 
fingers (MM) w^ould he contacting plate (IF) and would close the circuit 
to plate (U) to solenoid Xo. 2. The valve (21) w'ould be pulled down, 
connecting the rear of the power cylinder to the vacuum, so that the 
piston would move backw'ard and, through the linkage (G, E and .4), 
move the change rail {B) backw'ard. The rod (D) would also be moved 
hackw’ard, pulling the contact-plate sliding block until the fingers (MM) 
break contact with the bar (IF). When circuit is broken, the valve (21) 
raises to its seat and the change is completed to neutral. 

If the gear had been moved to second, the contact plate would have 
been in the position shown in Insert B, completing the circuit from ( If'), 
through fingers (LL) to plate ( T) to solenoid Xo. 1, o])ening the vacuuni 
to the front of the power cylinder so that tlie piston would l>e niove<i 
forward, bringing the gearbox into neutral, where the fingers (LL) 
would break contact with bar (IF) and the change would be (‘ompleted to 
neutral. 

Fig. 7 shows the same condition as in Tig. 6, except tfie selector lev'cr 
has been pushed to the left but is still in the neutral position. It will he 
noted that the circuit from (10) in the selector switch is iimv i‘(»m{4eted 
through the contact sleeve to both (11) and (12). 

The circuit from (11) is direct to solenoid No. 3, so that valve Xo. 22 is 
drawn down, connecting the cross -change cylinder to the vacuiiiii. The 
diaphragm has moved backward, rotating Wllcrank ( F) which pulls kwer 
(fr), shaft (E), and the lever (.4) to the right so that (.4) is engaged in t lie 
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notch of the shifting fork of rail (G), which controls the change into low 
and reverse gears. 

The circuit from (12) is to (2) and (I) on the interlock switch, to (13) 
to (15) on the selector switch to bar (1^) on the contact plate. Now 
following the same procedure as under Fig. 6 it will be seen that, if the 
gearbox w^ere in low gear, the contact plate would be in the position of 
Insert A (same as for high gear), energising solenoid (2) and the change 
would be to neutral. If the gear were in reverse, the contact plate would 
be in the position of Insert B (same as for second gear), energising sole- 
noid (1) and the shift would be to neutral. 

Referring again to Fig. 6, it will be seen that if the selector lever is 
moved to the high-gear position (transmission in neutral), the circuit will 
be completed as before to (13) on the selecton switch, then to (16) to ( P) 
on the contact plate through the fingers (LL) to (T) to solenoid 1, and 
the change rail ( B) will he moved forward until the contact plate reaches 
the position of Insert A when the fingers (LL) will move off bar (P), 
opening the circuit. 

If the selector lever is now moved to the second-gear position (trans- 
mission in high or neutral), the circuit from (13) is to (14) on the selector 
switch to bar {Q) through the fingers (MM) to bar (U), to solenoid 2, 
and the movement of the rail (B) will he backward until the fingers 
[MM) move off bar {Q), opening the circuit as in Insert B. 

Referring to Fig. 7, the action will be the same for low and reverse as 
just explained for high and second as the lever (A ) is held in engagement 
with the change rail ( C) and all other circuits are identical. 

In order to shift from low' to high, the power-cylinder piston must first 
move backw’ard and bring the transmission to neutral. The circuit for 
this is through the lines from (10) to (9) and (3) to (4) on the interlock to 
bar (Pf ) on the contact plate. The circuit is closed from (Pf ) through the 
fingers (Mil) to bar ( U) to solenoid 2, so that the movement will he back- 
ward until the fingers (i/ilf) break contact with the bar (If) which occurs 
when the gear is in neutral. 

When the change rail (C) reaches the neutral position, the force of the 
spring (F) in the diaphragm cylinder will pull the change lever (A) to 
the left into engagement with the notch of the high and second change 
fork [B). As the cross-change is completed the interlock switch will be 
moved. 

Now the circuit from (3) in the interlock switch is to (1) to (13) to (16) 
to bar (P) in the contact plate. The contact plate having moved back 
in coming to neutral the contact is now completed from ( P) through 
fingers (LL) to ( T) to solenoid 1 and the piston is moved forward, moving 
rail (B) forward to the high-gear position where the fingers [LL) open 
the contact with bar (P) as at the beginning of the change from low gear. 

Had the selector lever been set in the second-gear position the move- 
ment to neutral would have been the same as for high gear. From 
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neutral the raoveinent would have l>eea backward to (instead of 

forward to high), as the circuit would have l.>een completed from (13) to 
(14) (instead of to (16) ) to bar (Q) through (Jilf j to (U) to .solerioid 2. 

Also, had the gear been in reverse instead of low, the contact plate 
would have been to the rear, and the circuit from bar (If) would have* 
been through fingers (LX) to bar (T) to solenoid I, and the movenient 
would have been forward to neutral. 

If the transmission is in high-gear and the selector in low-gear |M»itlon, 
the circuit is through the interlock switch to bar ( 11” ) to bring the gear to 
neutral. When the lever (A) reaches the neutral position it w'ill be drawn 
to the right to engage with the fork on change rail (C), since the circuit is 
complete from (11) to solenoid 3 and the interlock swdtch will be rotated to 
the proper position. 

The circuit from (2) on the interlock switch is now to (1) and follows 
the path indicated by the lines to plate (jP) on the contact plate. Since 
the contact plate has been moved to the neutral position, the circuit 
is now completed from (P) through (LL) to (P) to solenoid 1, so that 
the change rail (C) is moved forward to the low-gear position. 

Had the selector switch been set in reverse, connecting (13) and (14), 
the circuit would have been completed to (Q) through (MM) to (P) to 
solenoid No. 2, causing a normal neutral-to-reverse change. 

Mechanical Adjustment 

The entire mechanical adjustment is so important to proper function- 
ing that it should be made carefully with every servicing of the electric 
hand. The recommended procedure is as follows : 

The Clutch Circuit Breaker (1935) 

With clutch fully engaged, the pointer on the lever should be in line 
with the arrow on top of the circuit-breaker housing. 

To adjust : (1) When equipped with automatic clutch control — hwseii 
clamp-holt nut on bracket mounted on vacuum- clutch rod and slide clip 
until pointer is in line with arrow. Tighten locknut. 

(2) When not equipped with automatic clutch control — remove cotter 
key from circuit -breaker lever pin. Loosen locknut on operating rod and 
remove rod end from lever pin. Turn rod end until it will slip on pin 
with pointer in line with arrow” on housing. Insert cotter pin and tighten 
locknut. 

The position of the circuit -breaker lever is important . If t he contact 
is made with too little clutch -pedal movement, the clutch will still he 
engaged when the shift is made, and if a gear has been pre-selected the 
shift will be made while the engine is driving the car. If the contact 
requires too much pedal movement, the shift will not he completed 
should the gears hutt teeth. It is necessary to have a slight clutch drag 
before the circuit is broken to turn the gears and ensure engagement. It 
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t'Uj, 8. — ADJrSTMKNT OF CXUTCH CIECUIT Fig. S. — AdJUSTHEIvT of CXETCH CTRCL'IT 
BREA.KER — CIRCUIT CLOSED POSinON BREAJIER— CIRCUIT OPEN POSITION 


may be necessary, tlierefoie, to set circuit breaker slightly ahead of 
indicating arrow. 


The Clutch Circuit Breaker (1936-7) 

This clutch circuit breaker has lost motion built into the switch, so 
that the clutch pedal must be depressed far enough to disengage the clutch 
before the electric-hand circuit is closed, but the circuit will not be opened 
until the chitch is almost fully engaged. If the clutch is not disengaged 
before the change is made, it will cause the gears to clash. Opening of the 
electric-band circuit before the clutch has started to engage will result in 
failure of the gears to mesh, if the car is not in motion and the gear teeth 
strike end to end. 

The locknut [B] should he loosened and yoke [A), Fig. 8, on tlie rod, 
which operates the clutch circuit breaker, should be adjusted so that the 
clutch pedal must be depressed halfway to the toe -board before the 
circuit is closed. The upper insert ni Tig. 8 shows the position of the 
parts inside the circuit breaker at the point where the circuit is closed. 
(D) is the stationary contact and (E) the sliding contact. 

At the time the circuit is closed the gear change rail locks must be 
released so that the shift can he made. The lower insert in Tig. 8 shows 
the proper ])Osition of the lockbar link [O] and plunger {F). 

After adjusting the circuit l)reaker for point of closing, check to be 
sure t hat the clutch has begun to take hold before the circuit is opened. 

This check is most readily made by running the engine and putting 
the gears in low or reverse gear. Allow the clutch pedal to come up 
slowly. 


Ivtii. IV.l llll 


T E R R APLAN E E i . ECT R I ( ’ A L 

Tlie nir sh(»iild start to naive bt*- 
fore tlie “ eli(‘k ” of t he (*rosrt-shaft 
linkage is heaixl, indicat ing that the 
electric -ban d circuit has htx’^n o janietl . 

Tlie insert of the circuit breaker 
in Fig. 9 shows the posit ioti of the 
parts at the point wliere the t‘ircuit is 
opened , while the change rail lock bars 
must be dow'n, as shown in the lower 
insert, to ensure the gearbox l)eing 
locked in gear before the electric -hand 
power is cut off. This is iin{)ortant , 
to present the jumping out of gear. 

Power- unit Mounting 

The power- cylinder piston rod {B). Fig. 10, should enter the fork (^4) 
in the change lever easily, when the transmission is in either its forw’ard 
(high) or rearward (second) position. The |KJwer unit should also have 
sufficient clearance to prevent striking the frame cross-memWr. Maxi- 
mum clearance is obtained by pushing upw^ards on the unit while tighten- 
ing the nuts on the studs w'hieh hold the mounting bracket to the gearbox. 
Tlie nut on the power-cylinder mounting stud should be drawn up just 
enough to permit the insertion of the cotter key. This provides maximum 
flexing of the rubber blocks for alignment. 

Powet-cylinder Piston-rod Alignment (193S-6) 

Remove the clevis pin from the rod eye. With the transmission in 
high gear and the shifting lever held forward to t<ike up lash, it should be 
possible to pull the piston rod (B) through the h»rk lever ( A) | in. farther 
than the piston, where the clevis pin t*aii l>e inserted. The length of the 
rod can be adjusted by loosening the locknut {€) and turning the eyc. 



Fi<J. 10 . -PuWlIR.L-NIT MOV'STlSa ABJUST- 
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The piston rod should tlieii be pushed back and the gear shifted into 
second. While pushing backward on the shift lever to take up lash in the 
linkage, the piston rod should be I in. farther back than the position where 
the clevis pin can be inserted. These checks are important, to ensure 
sufficient travel of the piston in both directions to complete the shifts. 

Cross-change Control Mechanism 

The gearbox should be changed to all positions and the contact 
between the cross-shift bellcrank and the lobe on the power- cylinder 
change lever checked to see that there is no binding due to contact at 
points other than the ends of the bellcrank fork {B), Rig. 11. 

The movement of the lower change lever should also be checked, to 
see that the fulcrum dowel screw does not bind in the groove in the lever 
hall. Early 1936 production used a dowel screw which was || in. long 
under the head with a pla^int washer in addition to the lock, later 
production uses a screw in. long and the plain washer is omitted. 

Cross-change Mechanism Adjustment 

With the gear in high or second, remove the clevis pin from the 
diaphragm cyhnder-rod yoke (A), Fig. 11. The spring in the cylinder 
should hold the yoke | in. farther forward than, the position in which the 
clevis pin can be inserted. When loosening or tightening the nut (C) on 
the diaphragm cylinder rod , be sure the yoke is in place on the bellcrank, 
so that the diaphragm is not twisted and distorted. 

Interlock Switch 

After the gear is moved from low to high or second gear, the pointer 
(A), Fig. 12, on the interlock-swdtch lever should come to rest in line with 
the mark between the letters S and H on the switch cover. To adjust, 
loosen the nut (D) on the front end of the interlock-switch rod and turn 
the adjusting sleeve (B), then retighten the nut. 

When the length is correct, the circuit will change in the interlock 
switch at the same distance from the end of cross-shift travel in both 
directions. 

Transmission Shifting Rail Lock 

TTie locks on both change rails will delinitely prevent the gears from 
jumping out if they are in the locked position when the change is com- 
pleted and the chitch is engaged. If the locks are improperly adjusted or 
the change is nut eom|)]ete, the locks cannot perform their normal func- 
tion, and damage to the gear teeth Avill result. As a final check move 
into gear and engage the clutch and see that the lockbars are both down 
in the locked position. If the locks are not down, first check the lock 
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adjustment, then power-cyliiKler piston-rod length, tlien the point of 
breaking contact in the chiteh circuit breaker. 

If these adjustments are correct and the lockbars do not fall into place 
ivheii the clutch is released, it is probably due to the poorer being cut off 
in the contact plate before the change is completed. 

Preliminary Service Check 

The following are to be checked before attempting to make any 
repairs to the gear shift-control mechanism, regardless of the nature of the 
failure : 

(1) Be sure cut-out switch on selector housing is ‘‘ on.” 

(2) Be sure that the gears are free and can be moved into all positions 
manually with clutch pedal depressed just enough to close circuit through 
clutch circuit breaker. (Check hy pressing starter button.) Adjust 
interlock bars on gearbox if necessary. 

(3) If temperatures are encountered low enough to cause the recom- 
mended gearbox lubricant to excessively retard gear changing, replace 
3 oz. of the lubricant •with paraffin. 

(4) Inspect vacuum line and fittings for leaks. 

(5) Check wire connections on interlock switch. 

(6) Make certain that all clevis pins and cotter pins are in place. 

(7) Inspect junction block on power unit to see that all wires are in 
place - 

(8) Make certain that all soldered connections are intact in both 
portions of steering -column jack. (To remove covers, pull back and twist 
with jack assembled.) 

(9) Check wiring harness for breaks or damaged insulation. 

Quick Test for Short-circuit 

With instrument -panel lamp lighted, change into all positions with 
electric hand. Any appreciable dimming of iiistrunient lamp indicates 
short-circuit in that position. 

Electric Hand on 1936-7 Models 

The changes in the electric hand which became effective in 193(> are 
confined to the power unit, lower harness, and gearbox control cover. A 
neutral switch and the necessary driving mechanism has been incorporated 
in the power- cylinder head. This neutral switch eliminates the need for 
tlie contact plate. The contact plate has been removed from the trans- 
mission control cover, sim])lif\dng the linkage in this unit and eliminating 
the wiring in the lower harness which was required for the contact plate. 

Operation (1936-7) 

Fig. 13 shows the inechaiiisin and wiring of the complete electric- 
hand installation. With the selector and gear in neutral as shown, the 
circuit is complete to the centre terminal of the neutral switch. Since 
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neither ]>c)ijit (P) nor (Q) (‘untaets the eentre terminal ( \V). the eimiit 
broken at this point and the gears 4vill remain in neutral. 

If the gear is sliifted nianually towards higli gear, the [Kover-eyliiuier 
piston will move forward, moving the rod (/>), wbieh will move {K>mt|/h 
farther away from the central contact (If), and allowing {xant toeonie 
into contact witli the central contact. This will close tlie circuit to 
solenoid 2. which will pull the valve down, admitting vaciiuni to the rt'ar 
of the ])ower cylinder. The piston will move backward until ooiitact |(/) is 
moved away IVom the central contact ( If), wliich is the neutral [H»sition. 

It will be seen that had the gear been moved toward secoiui. emit ac t 
(P) would liave closed the eirenit, with the central (‘ontact ( If I eneiYkini: 
solenoid IXo. 1 and moving the piston forward to the neutral |M»sitioiL 
where the circuit would he broken by contact [P) moving away trorii thc^ 
central contact. 
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If high or low gear is selected with the gear in neutral, the circuit is 
direct from the selector contact (16) to solenoid No, 1. If second or 
reverse gear is selected with the gears in neutral, the circuit is direct from 
the selector contact (14) to solenoid No. 2. 

If the gears are in high and low is selected, the circuit is direct 
from (11) on the selector to solenoid No. 3 to obtain the cross shift when 
neutral is reached. 

The circuit from (12) on the selected switch will be to (2) and (4) on the 
interlock switch and then to the.ceiitral contact { IF) of the neutral switch. 
Since the gear is in high (piston forward) contact [Q] will close the circuit 
from the central contact to solenoid No. 2, and the gear will move to 
neutral, where the contact with the central contact (IF) will he broken, 
the cross change will take place, turning the interlock switch so that the 
circuit is from (2) to (1) to the selector switch (13) and (16) to solenoid 
No. 1 , and the change will be completed to low gear. 

Had the gear been in second when low was selected, the contact (?) 
would have been closed with the central contact (IF), so that solenoid 
No. 1 would have been energised bringing the transmission to neutral 
when the contact would have opened and the change made to low as 
before. 

Electric Hand (1938 Models) 

The changes in the electric hand for 1938 models embody two changes 
in switch operation and location, w^hich eliminate their adjustment, and 
the addition of a gear-abutment indicator mechanism which gives the 
operator a reaction of actually feeling the gear engagement taking place 
in the gearbox when moving into low or reverse gear. 

Fig. 14 shows the wiring diagram and components. Because of the 
e.ttra electrical circuit for the control of the abutment indicator, a new 
upper and low'er wiring harness and a new 10-prong connector jack are 
necessary. 



DELCO-REMY COIL IGNITION 


IGNITION COILS 

T he purpose of the ignition coil is to transform energy from the Inw- 
voltage source (dynamo or battery) into energy at sufiicieiitly high 
voltage to Jump the gap at the sparking plug. 

There are two electrical circnits within the coil, namely, the primary 
and the secondary {see Fig. 1 ). The primary is wound with o^mjMmtiyely 
few turns of heavy wire, usually on the outside of the f^condarj^ Each 
end of the primary winding is connected to a low*-tension terminal. 
The secondary is wound with many layers of fine wire around the iron 
core. Each layer is insulated from the adjacent layer. Most c?oilB have 
one end of the secondary winding eonnected to the primary and the 
other end connected to the high-tension terminal. 

When the contact pints in the distributor dose, current fn)m the 
dynamo or battery flows through the primary circuit, creating a magnetic 
field about the windings and core. The current does not instantly reach 
its highest value, due to the inductive effect of the magnetic field. A 
definite time is, therefore, required for the field to build-up/’ As the 
magnetic field is greatest when the current reaehets its highest value, it is 
necessary that the coil and distributor be designed to allow sufficient 
“building-up” time to obtain adequate spark at the highest engine 
speed. 

When the distributor contact pints opn, the current in the primary 
does not stop flowing instantly, but flows into the condenst^r, which is 
connected in parallel with the contacts. This action prevents arcing and 
assures a quick collapse 
of the niagnetie fleld 
without the loss of 
energy through an arc 
at the contacts. The 
quick collapse of the 
magnetic field induces a 
voltage in the primary 
as well as the secondary 
\vi nd ill gs. Th is volt age 
increases until it is 
sufiieientlv high in the 
secondary to produce 
a spark at the sparking 
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plug. Since there 
are sixty to one 
liundred times as 
many turns ia the 
secondary as there 
are in the primary, 
the induced voltage 
ill the secondary 
will be sixty to one 
hundred times that 
of the priinary. A 
secondary voltage is 
required to produce 
the spark at the 
plug. Yariations in 
the amount of 
secondary voltage 
required are due to 
such factors as 
engine compression, engine speed, sparking-plng temperature, condition 
of the sparking-plug electrodes, and widths^ofthe spark gap. 

Types of Coil 

The Delco-Remy ignition coils may be classified, according to the 
typ® of construction, as straight-ignition coils, lock coils, and switch- 
extension type coils. (See Tigs. 1, 2, and 3.) 

Standard ignition coils deliver adequate secondary energy to fire the 
engine under all 
conditions that are 
likely to he en- 
coun^tered. The 
standard universal 
service coils will 
replace most of the 
original equipment 
coils when the 
specified mounting 
hracketsor adaptors 
are used. 

Special service 
coils are available 
'which give nxaxi- 
inuni performance 
from low to the 
highest speeds. One 
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type is specially (it*s 
for replacing either plain or 
swit ell -ext e nsio n fi-voit 
coils. A resistance unit 
in series with the prim ary 
w inding allows an increased 
cnirrent flow' at high sfveeds 
for a given maxiniiini at 
low s{)eed. The resist ance 
unit also ^rermits the safe 
maximum current value 
(break amperes) to he used 
at low speed w’ithout 
excessive distribiitor-j)oint 
oxidat ion w hen cold- weather 
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or overcliarged-hattery con- 
ditions are encountered. The heavy-duty coils art' more rtiggecl in 
construction and are specially designed for ctmtinuous conirtiercial veliiele 
and bus service. 


Service lastructions 

Ignition coils do not require special service other tlmn to keep all 
terminals and connections clean and tight. Coils having a resistanw 
unit will not operate if the resistance unit is o|KMi-circuited. In ease of 
failure in the windings, it is necessary to replaw the wmplete coil. 

The switch -extension type coils axe designed to }>ermit t he removal of 
the coil without disturbing the ignition sw itch or switch extension. These 
coils are locked to the switch -extension assenibly by means of the kK‘k in 

the coil end cover 
which engages in 



tlie lock recess on 
the coil cfuitainer. 

Fig. o.) To 
remove the coil 
from the 

it is iiec*essciry tt> 
remove tlie coil 
from its iinoiiit if II!. 
as show II ill Fikv 

Ignition -coil Testing 

If tilt .ll dt.cs 
iu»t tin* the eiiiiiiie 
sat i>fa ctonlv, the 
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Fig. 6. — Coil under test with Koidster tester 


unit slioiild l)e 
Teinovedfromthe 
car and checked. 
A lamp and test 
points may be 
used to detect 
open and earthed 
circuits. To test 
for an open 
primary circuit, 
hold a test point 
on each of the 
low “tension 
terminals of the 


coil. If the lamp fails to light, the primary circuit is open. To check the 
secondary circuit, hold one test point at the high-tension terminal and the 
other at one of the low -tension terminals. The lamp will not light, hut 
tiny sparks will he noted at the point of contact if the winding is not 
open. If open, no sparks will occur. 

Most coils used with single-wire systems can be tested for earthed 
windings by holding one test point on the metal container and touching 
the other point to the high- and low-tension terminals. If the lamp 
hghts, or tiny sparks appear at the point of contact, the windings are 
earthed. This test does not apply to coils used with two-wire systems, 
as these coils have one end of the secondary winding fastened to the metal 
container. 


Test Sets 

There are various types of test stands used for testing ignition coils. 
Some test stands are equipped with a variable -speed motor together with 
a breaker mechanism and spark gap, so that the coil performance may be 
noted at different speeds. Other tests use a spark gap to compare the 
spark of the questionable coil with the spark delivered by a known good 
coil. In this case, both coils must be subjected to the same temperature 
conditions for comparison, and identical test leads must be used. 

An approved coil tester, knowm as the Koilster, accurately distin- 
guishes between a good and a bad coil. The coils are checked on the 
Koilster without making connection at the secondary terminal (see 
Fig. 6). This removes the variations, due to altitude, atmospheric or 
spark -]ilug-electrode conditions, usually found in the spark-gajo type of 
test. This instrument indicates if the coil conforms with the manufac- 
turer's specifications. Continuity tests for the primary and secondary 
can also be made. 

The Koilster tests the coil both cold and hot. A heating circuit with 
an automatic time switch is provided to heat the eoil to operating tein- 
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|>eratiirc\s. Readings nii the meter must fall within the celd aiid hot 
liiints s|>e<'iiied for the {Hirtieular coil. 

Coil Defects as Indicated on the Koilster 

'The most eoniinoii ignitien-n >il (iefecd-s are indicated t.iri t he Koilster m 
follows : 

(1 ) Open-circuit Primary, — K<nlster sho\\'s no meter reading on «>il 
test or j>rimarv eontinuity. 

(2) Open-circuit Secondary . — Koilster shows no eontinuity eni secwi- 
dary. 

(3) Shorted Turfu in either Primary err Secondary. ~ Koilster indiimtes 
low reading outside of s]^>eoification limits. 

(4) High-voltage BreaMoum in Secondary. — Kcnlster rneter reading 
erratic. Pointer bobs in and ont of limits. 

(5) High Eesistarice in Fri inary Connections , — Koilster reading low. 

CONDITIONS AFFECTING IGNITION PERFORMANCE 

If the ignition performance is unsatisfactory after the coil has l)©en 
tested and found to be good, it is necessary to look for trouble elsewhere 
in tbe ignition circuit. 

(1) Resistance in Ignition Circuit 

Energy is lost whenever resistance is present in a circuit. Oxidised i 
burned, or pitted distributor contacts offer resistance to the flow of 
primary current. A loose connection or ])oor earth at the condenser will 
cause faiilty ignition. Connections at the battery, ammeter, TOil, and 
ignition switch should be clean and tight. 

(2) Poor Insulation in Ignition Circuit 

Insulation in the ignition circuit is very im|K>rtaiit. The high- 
tension cables should not be oil-soaked, cracked, or punctured, iw this will 
result in a loss of electrical energy. Examine the distributor cap for 
burned paths. If any of these conditions are present, the cables or 
distributor cap should be replaced. 

(3) defective Condenser 

A condenser failure will cause complete failure of the itmitioii system. 
Condenser failures are due to punctured insulation. o|>en circuits, liigli- 
resistance connections, and low -insulation resistance. The ceiitieisst'r 
.should be eliecked on a precision instrument. 

(4) Incorrect Sparking-plug Gap Setting 

Sparking plugs should be cleaned when dirt, oil, and iarbon are 
present. Replace the plugs if t he [mints are badly luirneil or t he snu'cclain 
cracked. Tiie size of the gap largely determines tlie voltage required to 
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iire tlie plug. A 
liigli-speed engine 
miss can sometimes 
be traced to a vide 
spark-plug gap. 
Set the plug gaps 
according to tlxe 

manufa ctnrer’ s 
specifications. 

(5) Battery 

The battery is 
an important factor, 
since it must furnish 
current to the coil 
to create the 
magnetic field. Be 
sure it is charged 
and in good condi- 
tion. The battery 
terminals should 
not be dirty, loose, 
or corroded, 
because these conditions cause resistance in the circuit 

(6) Arcing across Coil Terminals 

When excessive 
moisture collects on 
the coil top, the high- 
tension si3ark will some- 
times arc across to the 
low^-t elision terminals, 
causing the engine to 
miss. Continued arcing 
will eventually burn a 
path across the bakelite 
coil top. (Heavy-duty 
coils have an arc -resist- 
ing cap of special bake- 
lite material that will 
not burn w^hen the 
spark jumps across its 
surf a ce . ) In cases where 
arcing occurs, it is 
recommended that a 
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nipple l)e used 
on the liigh-terision 
terminal. The rubbt^r 
nipples may also l>e 
used on the high-tension 
terminals of the distri- 
butor cap, to eliniinate 
arcing between the 
terminals. 


DISTRIBUTORS 
Spark Controls 

Delco-Bemj distri- 
butors have various 
types of spark advance 
control, as folio w's : 

(1) Full manual. 

(2) Centrifugal 

(S) Vacuum. 

The manual control, 
which permits the driver 



Fig. 9. — V\rrrM control moi ntkd on 

Diaphragm linked to distributor housing so tb<it 
advance and retard are secured by rotating the distributor 
in its mounting. 



H,).~-;VNOrilEH LKSUiN UF VAi'L LM CONTHtiL 

Th w incorporates a iiiovaUle breaker plato, sup|>«)rtt‘(l 
i*u balls so that it may rotate independently of the 
reinaimler of the distrihiitor asst‘nil.»ly. 


to secure spark retanl 
for starting, idling, and 
hard pulls, is rarely 
used to-day. 

Centrifugal Control 

Where speed varia- 
tions are eneoiintcTed. a 
spark advaiue bastnl on 
engine is neces- 

sary to develop maxi- 
nnun pover. Fig, s 
shows the eentrithgal 
s[>ark -control niCLdi- 
anisin whieh o|'H‘ratt^> 
to secure this a«ivaiirc. 
A s e n c i n e s |> e e d 
increases, the ueiii'lits 
liradiially throw out and 
rotate the cam to iiive 
the desired spark ad- 
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vauce for the speed at which the engine is 
runniag. The correct spark advance for 
an engine is determined by varying the 
advance with wide-open throttle, to find 
the point where maximum power de- 
velops. Weights, cam contonr, and spring 
calibration to give this advance are then 
selected. 

A combination of centrifugal and 
vacuum advance is used on many 
applications. 

Vacuum Control 

An engine operating under part 
throttle can have a spark advance 
in addition to the centrifugal advance without ohjectionahle ping. The 
engine will perform satisfactorily with only a centrifugal advance, but 
with an additional advance obtained by a vacuum advance control, the 
engine will show greater petrol economy. The vacuum control consists 
essentially of a diaphragm and link acting against a spring. The 
vacuum control may be mounted on the engine, with the diaphragm 
linked to the distributor housing, so that advance and retard are 
secured by rotating the distributor in its mounting (Pig. 9). Another 
design incorporates a movable breaker plate, supported on halls so 
that it may rotate independently of the remainder of the dis- 
tributor assembly (Eig. 1()). A variation of this design uses a 
double -race hall bearing to support the breaker plate on the cam- 
shaft, The diaphragm of this type unit is linked to the breaker 
plate, and the plate rotated to secure the vacuum control of the spark 
advance. 

Pig. 11 illustrates the advance curve secured when the vacuum is 
taken on the carburettor side of the throttle valve. This is the most 
commonly used application. The solid line is the centrifugal and full- 
load engine curve resulting from the centrifugal action. When the 
throttle is closed, there is no vacuum in the carburettor and no vacuum 
spark advance. The vacuum tube from the vacuum control enters the 
carburettor throat just back of the throttle butterfly. As soon as the 
throttle is opened, the manifold vacuum is admitted to the carburettor 
and the vacuum control, producing an advance, shown dotted, which is 
in addition to and independent of the centrifugal advance. At higher 
speeds and with open throttle, the vacuum diminishes and the vacuum 
spark advance drops off. With wide-open throttle at any speed there is 
no vacuum advance, all advance under that condition being based on the 
centrifugal action. 
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Fig. 11. — Advance cueyk secured 
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DISTRIBUTOR MAIN- 
TENANCE 
Lubtication 

All bmrings with hinge- 
cap oilera Hhould have eight 
to t-eri drops of light, engine 
oil every 1,000 miles. Dis- 
tribiitors with bronze or 
grey-iron bearings and grease-€U|[)s should have tiie grtNise-iiifw kept filled 
with medium cnp grease and turned down one turn every 5<N) miles. With 
ball bearings, keep the grease-eup filled with hali-l)earing grt^ise. and turn 
down one turn every 1,0<K) miles. IMstributors with high-pressure 
lubricating connections should be lubricated every’ miles, Ajiply a 
small amount of vaseline to the breaker mm when lubricating the dis- 
tributor. On the vacuum -t y|)€ distributor wit h t he breaker plate supported 
by three balls, the balls and race should l>e lubricated with light engine 
oil every 5,000 miles. Avoid excessive lubricatiori. 

Inspection 

The cap should be removed at regular intervals and the contact points, 
rotor, and cap examined. Check the high-tension wiring for graced or 
damaged insulation and poor connections at the cap or plugs. Replace 
if necessary. Replace the cap or rotor if they are cracked or show* 
carbonised paths, indicating the secondary current is leaking to earth over 
the surface of the bakelite. 


n-tl QX„ 
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Contact Points 

Contact pointsthat are burned or pitted should l>e replaced ordn^aseti 
w’itb a clean, fine -cut contact file. The file should not he used (Ui oilier 
metals, and should not he allowed to liecome greasy or dirty. Xever use 
emery doth to clean contact jioints. Contact surfaces, after considerable 
use, may not a|.)|.)ear bright and sniootii, Imt tills is !iot nceesswirily an 
indieiitioii that they are not functioning satisfactorily. 






Oxidised Contact 
Points 

These may 
caused by hiiih 
resistance or loose 
cornier ti oils ill tiit' 
condenser eirniit , 
oil I »r ibreiiTii i!iatt*r- 
ials on the eoiitarf 
surtaa'C's, or, tin»st 
eouiiii on l_v . hi oil 
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voltages. Clieel for 
these conditions where 
burned contacts are 
experienced. 


The Contact-point Open- 
ing 

This must be set 
to the proper limits. 
Points set too closeljr 
may tend to hiirn and 
pit rapidly. Points with 
excessive separation 
tend to cause a weak 
spark at high speed. 
The point opening of 
new points may he 
checked with a feeler 
gauge, A feeler gauge is not so accurate on used points, owing to the 
roughness of used points. A dial indicator or a contact angle-meter 
for checking the point opening of nsed points is more accurate. 

The cam or contact angle is the angle in degrees of cam rotation, 
through which the points remain closed. This angle increases with 
decreased point opening. As the rubbing block of a new breaker arm 
■wears in, rounding the corners of the rubbing surface, the contact angle 
increases. Therefore, with a ne'w arm, set the contact angle about 3® 
less than with an arm worn by several thousand miles of operation. The 
angle given in the test specifications is subject to a variation of 2° plus or 
minus, depending on these conditions. 

Contact-point Pressure 

This should be measured as shown in Pig. 12, and must fall within the 
limits given. Weak tension will cause point chatter and ignition miss at 
high speed, while excessive tension will cause undue wear of the contact 
2 )oints, cam, and rubbing block. 

Timing and Synchronisation 

Most cars have fly wheel markings to facilitate timing the distributor to 
the engine. Due to individual differences in engines, the timing instruc- 
tions supplied by the engine manufacturers should be followed. All 
ignition distributors with manually controlled spark should be timed in 
the full manual advanced position to eliminate variations in the manual- 
control linkage. Some distributors having vacuum- controlled spark have 
a ^"in. hole in the advance arm and clamp arm. On these cars it is 
necessary to align the holes with a J-in. pin before timing. 



Fig. 14. — A TYPICAIi laNITIOlT circuit astd the various 
CHANGES WHICH CAN BE MADE TO COBRECT POENT- 
PITTING TEOUBTE 

Por an explanation, see t&xt. 
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Fig, 17. — BjamsH- 
MADE Bei^od- 
ReMY DISTEI- 
BUTORS HAVING 
SINGXE BBEAKER 
ARM 

The only adjusfe. 
meiib reqnixdd in 
service is to emnre 
that the contact gap 
opening is correct, 
nameljr, *018 in. to 
• 024 in. , ELS described 
in the text. 


On some engines it is not possible to synchronise double breaker level 
distributors on the engine ■without special synchronising tools. This is 
particularly true on twelve- and sixteen-cylinder engines. Methods of 
synchronising are dealt with later for British-made distributors. 

Use of Synchroscope 

The synchroscope accurately checks cam angle, spark advance, and 
synchronisation on distributors removed from the car. It will also show 
excessive distributor-shaft eccentricity as indicated by variation in syn- 
chronisation. 

After a distributor has been repaired, the calibration of the centri- 
fugal automatic mechanism should be checked. Proper engine perform- 
ance cannot be obtamed unless the centrifugal curve is within the limits 
specified for the particular engine. 

The Vacuum Unit 

An instrument capable of measuring the vacuum in inches of mercury 
is required to check the vacuum unit. The amount of vacuum necessary 
to start the plunger and the amount of vacuum necessary to get complete 
plunger travel should be checked. If it is found that the unit is not 
performing according to si)ecifications but that the variation is not great, 
the spring in the unit may be recaUhrated by stretching. If this does not 
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fig. IS. — EiOHr-oYi.iNnER DiamiBirroK 8Y»cii«osrisA.-now 

correct the fault the spring should bo replaced. If the vacuum b leaking 
it will be necessary to replace the unit. 

The Condenser 

Four factors affect condenser performance, and each factor must be 
considered in making any condenser tests. 

BreaMotm is a failure of the insulating material, a direct short 
between the meUlhc elements of the condenser- This prevents any 
condenser action. 

Lcnip-imulatim Re^isUince or leakage prevents the condenser from 
holding a charge. A condenser with low insulation resistancse is said to 
he “ weak.” All condensers are subject to leakage, which up to a certain 
limit is not ohjectionable. When it is considered that the ignition 
condenser performs its function in approximately 1 /12,00<) of a second, it 
can he seen that leakage can he large without detrimental effects. It 
must be considered, however, in any condenser test. 

Eigh-series Eesistance is excessive resistance in the condenser circuit 
due to broken strands in the condenser lead or to defective connect ions. 
This will cause hurned contact j>oints and ignition failure upon initial 
start and at high speeds. 

Cajmcihj is built into the condenser and is determined by the ami of 
the metallic elements and the insulating and impregnating materials. A 
low -capacity condenser is suitable for an operation whert^ liigh six^eiis 
predominate, while a higher capacity condenser is desirable f<»r 
operation. Incorrect capacity for the ty]>e of o|>erati(>n will result in 
point pitting (Fig. 13). The direction of the pit and the build-up can !h‘ 
used as a basis for annlysis and correction of the condition. If the build- 
up is on the positive side, the condenser may l:>e under capacity. 1 f tfic* 
huild-up is on the negative side, the condenser may l>e over capacity. 

Another factor which may affect ]Kunt pitting is tlie jM>sition «d‘ tin* 
primary and secondary leads with res|>ect to each other and t«i invumd. 
incorrect location may result in piint pitting. 
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H 6 

Fig, 19. — SiX-C'yLTNDER distributor SYi^CBCRONISATION 


Fig. 14 illustrates a typical ignition circuit, and the various changes 
v^hicli can be made to correct point-pitting trouble. 

With the build-np of material on the positive point (pitting of the 
negative), the following changes tend to be corrective : 

(1) Increasing condenser capacity. 

(2) Shortening condenser lead. 

(3) Separating the low- and high-tension coil distributor leads. Mov- 
ing leads closer to earth (engine block, frame, panels, etc.). 

(4) Mounting coil directly to earth if it is not so mounted. 

With the build-up of materials on the negative point (pitting of the 
positive) the reverse of the above changes tend to he corrective. 

British-made Delco-Remy Distributors 

Figs. 15 and 16 show the details of construction of typical British- 
made Eelco-Eemy distributors. When vacuum control is incorporated, 
the arrangements are similar to 
those shown in Figs. 9 and 19. 

Information as to adjustment 
of British -made Eelco-Eemy 
distributors is given below . 

Adjustment of British-made Dis- 
tributors having Single Contact 
Breaker 

These are the most simple 
types of distributors having a 
single breaker arm [see Fig. 17). 

A four -lobe cam is fitted to the 
four -cylinder type and a six- lobe 
cam to the six-cylinder type. 



Fig. 20.— When fitting inew contact arm 

Tal:© care, -when tightening the point 
spring, that there is no binding. Binding of 
the spring can be relieved by tightening, as 
shown above. 
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The only adjiint ineiit re('|uired in servuT in to nmm^ that the eontart* 
gap opening is correct, iianiely -018 in. to in. To adjust the 
turn the shaft till the rubbing black of tlie br€‘aker arm A (Fig. 1 7) i.s cm a 
lobe of the cam. Loosen screw B and turn screw C until the gap Ijelwwii 
the two {>oints is correct. I)o not omit to tighten screw B after this 
a|)6ration. 

Synchronising SiK-cylinder Thrce-lobe and Eight-cylinder Four -lobe Cam 
Distributors having Double Breaker 

On this type of ignition distributor, the two contact arms form |«i»llel 
circuits for the ignition current, and the circuit through the coil is not 
broken till both sets of contact points are open. 

One-half of the cylinders are fired by each set of |K)ints. On the eight - 
cylinder distributor with four-lobe cam, the jx)ints must open 45 cam 
degrees apart, and on the six-cylinder type with the three-lobe cam, 
cam degrees apart. If the points do not open at this interval, one half 
of the cylinders will have a different ignition timing from the other half. 
To get this very important adjustment, the instructions given below 
must be carried out carefully, and a tool is required as illustrated in 
Fig, 18, which can be obtained at an authorised Delco-Eemy service 
station. 

To Synchronise Circuit-breaker Opening ont Delco-Remy 
Distributors with Four-lobe Cam 

One set of contact points is stationary and the other set is movable. 
The stationary set is adjusted first and the synchronising is completed by 
adjustments to the movable set of jKoints. 

To set contact opening of arm A {see Fig. 18), turn distributor shaft in 
its direction of rotation until rubbing block of breaker arm A is on lolie of 
cam. Loosen screws B and turn screw C to get contact o|>eniiig, which is 
•018 in, to *024 in., preferably *022 in. Tighten screw^ B. 

iVgain turn the shaft till rubbing block of breaker arm I) is on the hlw 
of cam. Loosen screw’ E, turn screw’ J till jioiiits open bet w'et^n *018 in. 
and -024 in., preferably *022 in. Tighten screw’ E, 

Put synehronising tool over cam, locking it with slide pushed tlirough. 
until it shows the arrow’ that |X)mts in the direction the shaft rotates, as 
view'ed from the top. If rotation is ciockw’ise viewed from the top, turn 
shaft in this direction till breaker arm A breaks contact. Note marking 
on x¥ side of synchronising tool that is in line with p:Hnt X. w hieli is t lie 
edge of the slot in the distributor-base rim. Continue to turn shait till 
the same marking on N side of tool is in line with point X. Lhjscii 
screw’s G and H and turn screw’ / until arm D breaks contact. Ciierk 
this by rotating shaft again. Tighten screw’s G and H. Also dieck 
contact opening of breaker arm D, and if it was sei Ixdore at •(»22 in., it 
should still be within the limits mentioned above. If outside of these 
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limits, reset the point opening and synchronise arms again. Do not make 
any adjustments to arm A, hnfe confine the adjustments to arm D, to 
complete the synchronising. 

For distributors having opposite rotation, proceed as directed, except 
rotation, and align with the N side of the synchronising tool first and the 
M side last. 

The graduations on the tool represent engine degrees, and the breaker 
arm must not he out of synchronism more than two engine degrees. 

The eye cannot detect the moment the points open. To get an 
accurate synchronising adjustment connect an ammeter in the ignition 
circuit at the distributor terminal. If on the car, make sure the ignition 
switch is “on.” The instant the ammeter needle drops hack to zero the 
points are open. 

To Synchronise Circuit-breaker Opening on Delco-Remy Six-cylinder 
Distributor with Three-lobe Cam 

The contact-point opening of the stationary breaker arm A (Fig. 19) 
should be set first, and then the synchronism completed by adjustments 
to the movable set of points (arm D). 

Turn the distributor shaft till the rubbing block of breaker arm A is 
on a lobe of the cam. Loosen screw B, and turn screw C to get contact 
opening, which is from *018 in. to *024 in. Tighten screw B. 

Turn shaft again till the rubbing block of breaker arm D is on the 
lobe of the cam. Loosen screw B and turn screw F till the points open 
•018 in. to -024 in., preferably -022 in. Tighten screw E. 

If the distributor rotates clockwise, viewed from the top, place syn- 
chronising tool on cam, with the M side of the spring in the slot in the 
cam, then turn cam in direction of rotation till the graduations on the M 
side of the tool are near the slot in the rim of the distributor base. 

Continue to turn cam till breaker arm A breaks contact, and note 
graduation on tool that ahgns with the approaching edge of the slot. 
Again turn cam, in same direction, tQl the same graduation on the A 
side ahgns with the same edge. Loosen screws G and H and turn screw 
J till breaker arm I) just breaks contact. 

Check this by rotating cam again. Tighten screws Cr and H. Also 
check contact opening of lever D, and if it was set before at -022 in., it 
should still he within the limits. If outside, reset the point opening and 
synchi’onise arms again, confirming the adjustments to the arm D. 

For distributors rotating counter-clockwise, viewed from the top, the 
procedure is as described, timning the cam in a counter-clockwise direction 
and locating the side of the tool marked N in the cam slot. 

The graduations on the tool represent engine degrees, and the M side 
is just 60 cam degrees or 120 engine degrees from like graduations on the 
JS side. The breaker arms must not be out of synchronism more than 
2 engine degrees. 
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The eye cannot detect the moment the points open. To get an accu- 
rate synchronising adjustment, connect an ammeter in the ignition circuit 
at the distributor terminal. If on the car, make sure the ignition switch 
is on/’ The instant the ammeter drops back to zero the points are 
open. 

Adjustment and Cleaning of Circuit-breaker Contacts 

The correct gap for the circuit-breaker points is -018 in. to -024 in. It 
is important that this setting be checked and maintained. If the points 
are too closely set, rapid burning will result. The general cause of these 
points closing up is wear of the fibre heel on the contact arm and which 
bears on the cam. This wear can be minimised by lightly greasing the 
cam with vaseline. The only adjustment required in service is to 
maintain the correct gap as above. 

When fitting a new contact arm be sure it is free on its pivot. A trace 
of light oil should be applied to the pivot, and care taken, when tightening 
the point spring, that there is no binding. Binding of the spring can be 
relieved by tightening the nut, as shown in Fig. 20. 

Should the contacts require cleaning, they should be lightly rubbed 
with an oil-stone until all raised portions of metal are removed. It is not 
necessary to grind the points away sufficiently to remove each small pit. 
Avoid oil on the points. 

We are indebted to Messrs. Lelco-Remy and Hyatt, Ltd., of 111, 
G-rosvenor Eoad, London, S.W.l, for the information upon which the 
above article is based. 



BATTERY REFLATING PROCEDURE 
AND SERVICING 


By E. T. LAWSON HELME 



T he lattery, being the unit of car electrical equipment upon which 
all the others depend, must function with, reliability under varying 
conditions of load and temperature. Modern design has produced 

very efficient 
batteries, and 
breakdown can 
nearly always be 
traced to neglect or 
normal deterior- 
ation. 


1, — First opekation in prepa'eation fdii batteuv 

BEPLATINU 

Drilling out cell conneetors. {By courteBy of Bhatv cC* 
i/liNni, Lid.) 


First Sign of a De- 
fective Battery 

The first sign of 
defe ctiveness is 
failure of cells to 
maintain voltage 
under load, or to 
remain in a fully 
charged state under 
no-load conditions. 
The reason is lost 
capacity, the result 
of several possible 
causes. Chief among 
these may be men- 
tioned excessive 
sulphation of the 
elements through 
incorrect charging 
or neglect to main- 
tain the level of 
the electrolyte, 
buckling of the lead 
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Fig. 1a. — SHAP22 

OF DRILL FOR ' 

LINK RElVfOVAIi 

grids, and dislodg- 
ing of the actire 
material, or the 
breakdown of the 
separator insulation 
— caused hy high 
charge and dis- 
charge rates pro- 
portionate to 
normal capacity — 
or a defective con- 
tainer with leakage 
ill the intercell 
partitions. 



Fig. 2. — Remaking battery — sbcontd operatidn 


Finding Out Con- When all the coiineetions are removed, the pitch sealing top 
■» tf plates is heated to soften for plat© remov’al. Operation 

ultlOn 01 tSattery shows heater unit "being brought into position. [By courte$u of 
The only reliable Kiiburn, Ltd.) 

measure of cell con- 
dition is a combination of voltage readings on charge and discharge with 
a test of electrolyte density by a hydrometer syringe. 


Specific Gravity Test 

In the average starter battery, each cell should show the siiine specific 
gFcavity — 1 •250-1 -280, and voltage should not fall below 1*8 vv>lts per cell 
under starter load. 


Volt Test 

The loaded voltmeter used in most service depots for cell testing 
imposes a load of 150-180 amps — ^wheii cell voltage should read 1*2- 1*4 
volts if the battery is in sound condition. If one or more cells show a 
markedly lower reading, or fade away rapidly under 2(J-30 seconds’ 
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Fig. 3. — Third operation 

Plate removal. A special clamp lever is shown with one cell partly removed. 


duration of load, the elements are defectiTe and the battery must be 
opened up for inspection and repair. 

Replating 

It must be stressed at the outset that replating single cells in a battery 
is inadvisable, as the remaining cells have all had the same length of 
service and shared any ill-treatment which has been a contributory cause 
of trouble, so it is only logical to conclude that all need the same treatment, 
though only one shows signs of breakdown at the moment. If passed, 
the other cells will fail within a short time, and the work will have to be 
repeated on them. A complete replatal is the only reliable means of 
restoring battery condition. 

Inspection Before Opening up Battery 

Before opening up, the battery should he washed down, emptied of 
electrolyte, and inspected for evidence of damage, such as worn-away 
corners of the moulded container where a leak is liable to occur, broken 
fixing lugs, or cracks. A note should be made of any numbers or mark- 
ings stamped on the inter-cell links. 

TaMng Off Links Between Cells 

The inter-cell links are welded or “ lead-burnt to the cell terminal 
posts, and must be drilled off as shown in Fig. 1. The drill must be 




Fig, 4. — ^Foxjbth operation- 

Whea all the plates have been reraoved, casing is thora-ughl^ drained and waslied enfc. 

started centra/Uy aad the drilling should extend only to about two-thirds 
the depth of the liuh. The drill should he about |-in. diameter, aiiid 
should he ground with a, pointed centre and a wide angle, as shown in 
Fig. 1a. The use of an electric hench-drilling machine enables the links 
to be drilled ofif centrally without centre-punching, though this may be 
adrisahle with the use of a portable hand drill. 

Next Test for Leakage in Container 

If the top of the battery is now wiped clean and dry, the cells may be 
tested for inter-cell partition leakage by applying prods from a mains- 
test lamp circuit to adjacent cell terminals, when the lighting of the lamp 
indicates leakage and the need of a new container. This is advisable 
when the owner asks for report and estimate of cost. 

Removing the Cells 

After removal of links, the sealing nuts should be removed, where 
fitted, and the battery placed under the heater for softening of the sealing 
compound. The unit shown (Tig. 2 ) is in the form of a swivelling cowl, 
with electric heating elements which radiate heat uniformly over cell lids, 
compound, and container edges. When the compound is soft to the 
consistency of butter, the cell units are ready for withdrawal. 

Each cell group is extracted from its container by attacliing claws to 
each terminal post and exerting even upward pull without straining one 
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side more than another. As the lid, -whicli is a brittle, moulded pressing, 
must Tbe pulled out with the group, it is necessary to ensure that the sealing 
compound is imiformly heated and softened throughout before attempting 
to lift the group. 

In some designs, where the sealing space is deep, it is a good policy to 
remove as much as possible of the sealing compound with a hot putty 
knife and to run a thin hot knife blade round the lid to break its joint to 
the sides of the container. 

Eig. 3 illustrates the extraction of groups with a specially designed tool 
which exerts a balanced pull, while the battery container is held in position 
by edge-plates. 

An alternative method of preheating is the use of a steam chest, which 
takes the form of a box structure designed to lie on, and completely enclose, 
the whole top of the battery. A flexible pipe connects this chest to a steam 
generator, and the steam permeates each cell through the filler orifice, 
heating the internal lid surfaces and cell walls, preparatory to group 
extraction. Whichever method is used, it should he borne in mind that 
the crates and lids of modern batteries are of a material which softens with 
heat, so that care is necessary to avoid distortion or damage. 


Fig. 5. — -Washustg our ( 

High-pressiii© jet of water is being directed to inside of container. Inverted container 
over jet, which is being operated by foot. 


Washing Lids and Containers 

When the cell units are out, the lids, if intact and fit for further use, 
should be removed, cleaned of compound, washed, and put aside while 
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still warm. They 
should be inspected 
for damage , distortion , 
cracks, or other de- 
fects; while the 
stoppers should he 
washed and replaced 
while the lids are semi- 
plastic to ensure that 
the filler orifices do 
not lose shape when 
cool and hard. 

The acid residue 
ill the containers and 
on the plates needs 
to be treated with 
respect; as its corrosire 
possibilities are far- 
reaching. 



Fig. 6.— AssEMBLiHa new plates 
Positive and negative plate groups of a battery cell 
being correctly interleaved together. Note that negative 
plate occupies outside position on each side of the groups. 



Fig , 7. — Remaking batteby 
This shows the thin, wooden separator's being inserted 
between the positive and negative plates of a battery cell. 


Wet plates should 
be handled only 
through rubber gloTes 
or hands treated with 
neutralising ointment, 
and should be placed 
on a rack or lead- 
covered drain -board 



FOi{ LEAD W(.)HKL\0} 
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while the coatainei is 
thoroughly washed out. Fig. 4 
shows this operation, in which 
a powerful water jet is 
employed to dislodge caked 
sediment. 

The appliances used for 
washing out containers must 
include means of preventing 
the sediment, which is washed 
out in suspension, entering 
main outlets in such proportion 
as to cause a stoppage. The 
usual method is a trap tank 
with outlet pipe near its 
upper edge so that the 
sediment, composed of dis- 
lodged lead oxide and chemical 
waste, collects in the tank, and 
only a small percentage is 
carried out with the water. 
Fig. 5 shows a method used 
lig. 8.-EEWAIINO BATO^EET dislodge hard accumulations 

The new groups of plates and separators being hetwcCB tho ribs at the bottom 

inserted into battery case. of each cell container. This 

space mustbe properly 
cleared, so that sheddings from the plates will not form a conducting layer 
liable to short-circuit positive and negative elements. 

The sediment tank, situated beneath the V-shaped sink shown in the 
photograph, has a main water pipe sealed into its bottom and projecting 
upwards with a nozzle extremity. A spring-loaded valve, operated by 
pedal, enables a strong jet to he directed into each container when the 
crate is inverted over it. 

Examining the Cell Plates— Faults and Their Causes 

Examination of the cell elements removed will usually reveal the 
causes of failure and may serve to indicate the line of advice to the owner, 
or treatment of the vehicle electrical equipment where there is reason to 
assume that battery breakdown is the result of defects in it. 

Spongy Plates 

When the plates — especially the positive groups — are found to be 
spongy with loosened active material, and the lead grids or plate frames 
are buckled, this may he traced to excessively high charging and dis- 




Mg^ 9. — FiTTiNa the covek to the cell ajtee iit- 

SERTING TEE GBOEPS lig. 9b. — COILAE SEAL OF POST 


charging rates, indicating the need for correction of dynamo and charging 
control or the reduction of load. 

Sulphated Plates 

Light-hrown positive plates with hard "brittle suifaces, and negative 
plates of hardened texture and white patches, indicate excessive forma- 
tion of lead sulphate, usually due to prolonged idleness in a discharged 
condition, or insufficient charging hours to maintain the balance of 
discharge. 

Shorted Plates 

A cell which gave no reading on the cell voltmeter may be found to be 
shorted "by a fragment of lead joining group bridges. Accumulation of 
sediment, or punctured separator. The latter wiD nearly always be due 
to heating and plate buckling, or may he occasioned by the omission of a 
separator on the previous assembly. 

Open-circuited Plates 

As an open circuit will cause no reading, in addition to disabling the 
battery entirely, cause should be sought in broken group straps, terminal 





Fig, 10. — Remaeing batteby- 
Sealing the covers witli pitch. 


past, or similar defect. Hardening and sulphatian — indicated by a 
white surface deposit — on tbe upper halyes of hotb elements is a clear 
indication of elements exposed by failure to maintain correct level of 
electrolyte. 

The crate should also be examined for cracked inter-cell partitions, 
caused by overheating and expansion of elements. 

Assembling New Groups 

Witli container dried and checked, lids and stoppers cleaned, nuts 
and inter- cell links renewed or restored for further use, the new groups 
can be assembled. Fig. 6 shows positive and negative groups being 
correctly interleaved together. Note that plates must be in alternate 
positions, and that there is one more plate in the negative than in the 
positive group. 



10a.— Shape OE FINISHED sruD Fig. IOe. — Assembly of bink 

READY FOB AVELDIMO 
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A negative 
pla-te, therefore, 
occupies outside 
position on 
each. side. Tlie 
groups should "be 
assembled with 
edges level and 
the lid tried on 
to make sure that 
the terminal 
spacing is corre ct . 
This being so, 
separators can be 
inserted. 

Inserting the 
Separators 



Fig. 11. — PiTTENa JIGS phiob to welding cell connectors 



There seems to be a variation of opinion as to whether the grooved 
sides of wood separators should he towards the positive or the negative 
plates. New groups should be assembled in the same way, in this respect, 
as those removed from containers. It is most important to ensure that 
no separators are omitted. The number required should be placed in a 

pile and used in 
assembling, and 
each group 
should be 
checked on 
compl e tion . 
The group ele- 
ments, being in- 
terleaved, are 
laid on one side, 
and the separa- 
tors inserted 
from the upper- 
most side and 
bottom of the 
group, as de- 
picted ill Fig. 7 . 
A |3 r a c t i e e 
which ezsperi- 

,,, ence has proved 

12. — \\ J£L1>1NG CELL CONNJSCTOES - . / 

n,, . / 1 1-1 r ir ^ j- / sound IS to com- 

Tlie oporator looks tbrougli glass screen of fume e:xt ractor {see . 

g 13)^ ^ ^ nicnee with the 


Li.ii.o. IV. — 2S 
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Fig. 13. — GEITEBAJi VIEW OB’ BEPLATINa PLANT 
The fume extractor can be seen at the right. [By cowimj oj Bhaw (Ss Kilhurru Ltd.) 

middle pair and work outwards alternatively, making sure tliat grooved 
sides are correctly positioned. If the outer separators do not slide 
easily into place, they can be gently tapped in with a wooden hat, tapping 
the side of the separator which is cut across the grain. Edges should 
be levelled up and the group stood on a clean board or sheet of paper 
to avoid dirt ox chippings of lead becoming lodged between plates. It 
should be remembered that separators must always he kept in the air- 
tight wrappings in which they are packed. If left out in the atmosphere, 
they soon dry and warp, and are rendered useless. 

Before commencing to assemble the groups into the container, the 
inside edges of compartments should be freed of any remaining sealing hy 
paring with a sharp knife, paying special attention to corners. This en- 
ables lids to be easily refitted, and risk of breakage is minimised. 

Repairing Containers 

Cracked containers or partitions cannot be successfully repaired, but 
small blemishes or worn corners may be restored in moulded containers 
if the damage is slight. The moulded material is softened by a gentle 
gas fame, using the lead-burner with no oxygen, when a piece of broken 
hd of the same material is worked into a putty consistency with the dame 
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and a hot Imife, and 
pressed into the 
damaged part, being 
kept plastic and 
smoothed off, allowing 
time for subsequent 
cooling and hardening. 
A tool of considerable 
use to battery men is 
the curTed-tooth 
doat ’’ — sketched in 
Fig. 7a — ^resembling a 
file in shape, but cut with 
coarse cutting edges 
across its faces. This 
tool will work lead 
without clogging and 
ean be used with ad- 
vantage to smooth off 
the repair to the 
moulded crate when 
hard. The top edges of 
container may also be 
smoothed off if rough 
or damaged. 



Fig. 14. — ^HrDEOHETBR TEST POE SPECIFIC GRAVrPr OF 
ACID 



Fig. 15. — Voltmeter test 


Inserting Groups in 
Container 

Tig. 8 shows how 
completed groups are 
inserted in containers. 
One edge is first 
entered and the unit 
kept as square with 
the container as poss- 
ible, when it should 
slide easily down into 
position. 

The operator must 
take particular care that 
the terminal posts 
occupy correct posi- 
tions, i.e. alternate 
positive and negative 
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posts in each row, with the end terminals placed according to original 
layout. Groups should he pushed fuHy home and terminals should be 
all level. The hds must he fitted with care, entering squarely and pressing 
evenly down on the group bridges. When properly assembled, all lids 
should be level and flush with container edges. Fig. 9 illustrates the 
fittmg of a cell lid. 

Sealing the Battery 

Sealing the battery comprises two operations: (a) jointing the 
terminals to the lids, and {b) sealing lids into containers. 

Sealing Nuts or Rings 

Batteries may be fitted with sealing nuts or rings, or the lids may have 
moulded collars or hushes through which the terminal posts protrude and 
are welded thereto. Fig. 9a is a sketch showing a sealing-ring assemhly 
in section, and it will he noticed that the boss of the lid is clamped down 
against a soft rubber washer or gasket fitted on the post before lid is 
assembled. A thin lead washer is generally used under the ring to com- 
plete the seal outside the cell. As a ‘‘ quick ” square thread is used, the 
ring must be securely tightened, using a special pegged or slotted wrench, 
and locked with a punch to the post to make certain it cannot slacken. 
It is advisable to fit new rubber gaskets if the old ones are showing signs 
of perishing. 

The welded seal — shown in section in Fig. 9B-^has no rubber gasket, 
as the collar is permanently moulded into the lid. The group posts are of 
smaEer diameter, and pass through the bore. The method of welding the 
lead coUar and post will be described later in connection with lead- 
burning the links. 

Heating and pouring the Sealing Compound 

The second form of sealing can now be proceeded with. The com- 
pound, resembling pitch, but actually a bitumen, acid-resisting, substance 
with a degree of resilience when cool, is melted in a suitable container, care 
being necessary to avoid too rapid, or excessive, heating. The compound 
should be of the consistency of cream, evenly molten, with no Lumps, 
before attempting to seal. The container must have a spout or lip cap- 
able of directing a fine steady flow, with ease of controlling the quantity 
of fluid, while the spout should not be too long, or it may cause premature 
cooling en route from container body. The can shown in sealing the 
battery in Tig. 10 is a good example. Another excellent method is to 
use an old enamelled coffee-pot. With a circular gas-ring, heat is 
applied to the base of the spout, keeping it at uniform temperature, while 
control of the stream of fluid facilitates neat, efficient work. The lids and 
container top—especially the trenches to receive the compound— may be 
slightly preheated with the lead-burner jet, keeping the fame on the move 
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to ayoid scorching any one spot. Fluid should be poui'ed steadily and 
eyenly into each cell trench to a level just below cell^lid top. If hot 
enough, the compound should adhere readily to the trench edge and form a 
perfect seal. A strobe of the jet flame along each edge vill raise compound 
temperature just snfflciently to ensure a perfect joint. 

Overheating must be avoided most carefully. The compound should 
give off only the faintest smoke ; if temperatures rise too high, the con- 
stituent oils may he evaporated and the resultant seal loses elasticity and 
be liable to crack. If too cool, the compound is heavy to pour, lies thickly 
and unevenly in the trenches, and does not unite properly with container 
and lid surfaces. 

If compound is run at the right temperature, there should be no need 
for more than the merest flick of the jet to complete edge seals, and the 
risk of charring moulding surfaces, which is liable to occur when jet-sealing 
of too-cool compound is resorted to, can be avoided. 

The efficiency of the repair depends in considerable measure on correct 
and thorough sealing at the proper temperature. 

Welding the Links and Terminals Together 

The final, and nearly most important, process of lead-burning the 
links and terminals is a misnomer from the plumbhig profession. Actually 
the operation consists of welding the parts uniformly to make perfect 
electrical contact capable of carrying currents momentarily reaching two 
or three hundred amps, without readable volt-drop, so its importance is 
obvious. 

First, the collars of ringless batteries must be welded to the terminal 
posts to form shallow studs or posts to receive the links. A tapered-bore 
jig is fitted over the collar, and the oxy-gas jet adjusted to give a flame 
about ^ in. across, 2 in. long, and with a blue (oxygen) tongue about |in. 
in length. The hottest part of the flame is about J in. from the end of the 
blue tongue, and this should be applied for a few seconds to the jig to 
ensure uniform heating and evaporation of condensed moisture, which is 
fatal to good lead-welding. The flame must be kept inoying in a circle, 
melting and combining post and collar top, a steel spike — such as a 
pointed cycle-wheel spoke — being useful to assist amalgamation. More 
lead is added from the stick and the terminal built up to the top of the jig. 

Make sure that the jig is narrow-end uppermost and that the flame is 
not played too long on the molten lead at the bottom, as it may rim out 
and spoil the lid and sealing. Figs. 10a and 10b show in sketch form the 
shape of the finished stud and the assembly of the link ready for welding, 
respectively. Avoid removing the jig till cool and set. The taper bore 
enables it to be removed without force. 

In ling-sealed batteries the new group terminals are ready formed, 
and links should be filed and scratched bright and then tapped into 
position. 
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Special ring jigs are used for enclosing and supporting the Link v^Mle 
being voided, as Eig. 11 shows. 

. The flame should be used to preheat the jig for a few seconds, and then 
applied to post and link, being kept moving in a circle round the joint as 
amalgamation occurs and lead is added to complete the weld, as illus- 
trated in Eig. 12. This photograph shows how the hot part of the flame 
is utilised, the burner having a thumb valve to control oxygen supply. 
It should be note that the link ends are not always the same size, and two 
ring jigs may he required. These are used in pairs, as shown, enabling 
each link to be welded on in one operation. Once the metal has amal- 
gamated, heat should be kept away from the edge and the lead must be 
kept molten on top only. Otherwise it may run through under the jig 
and spoil the link. 

Protection of Operator from Lead Fumes 

The inhalation of fumes from the lead must be guarded against. In 
the general view of battery-shop equipment shown in Fig. 13, it will be 
seen that the cowl is provided at the welding bench at the far end of the 
shop. This is connected by a flue to an extractor fan, the front of the 
cowl having a glass window so that the operator has a clear view of his 
work, while all fumes are drawn away by air current. It will also be seen 
that the shop layout follows mass-production lines, batteries being passed 
from each operation to the next in order. 

This method of layout saves time and space and enables three or four 
operators to work in series, handling a succession of repairs without 
hindrance or delay. 

Other points to be considered in shop design are the maintenance of 
general cleanliness and order, and the safe disposal of dangerous waste 
material. Old plate groups must be stored in closed receptacles. Lead 
dust is poisonous and must he carefully avoided, and drillings and chips 
should be stored separately. Used sealing compound is not recoverable, 
but scrap metallic lead can be melted down and cast into sticks in a special 
mould for use in weldiug. The trapping of sediment has been referred to. 
Acid in w'aste water from the washing equipment should be diluted as far 
as possible, and it is advisable to drain and clean out the sediment tank at 
frequent intervals, without waiting for sediment to accumulate to any 
extent, when its acid content may attack unprotected metal. In this 
connection, the pipe supplying Mgh-pressure jet should be heavily coated 
with several layers of antacid paint, and the inside of the tank lead -lined. 

Making the Hydrometer Test 

Methods of battery testing are illustrated in Tigs. 14 and 15. The 
hydrometer syringe, shown in Eig. 14, is used to extract a sample of 
electrolyte from each cell, the depth to which the hydrometer sinks 
indicating density or specific gravity, which is the proportion of acid in 
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the solution. The process of chauging drives acid out of the elemeuts 
ittto the solution and discharging causes a degree of reabsorption, so that 
specific gTavit 7 is a fair indication of the state of charge. When taking 
leadings, care is necessary to see that sufficient liquid is withdrawn to 
fully float the hydrometer, which must not lie against the side of the 
syringe. It should be held upright, as shown. Healthy cells will give a 
uniform reading: any one below the others indicates a fault. Acid 
spillage will upset proportion and should he made up with solution of the 
same density as that remaining. Otherwise, acid should never be added 
in normal circumstances, as it does not evaporate, and only distilled water 
is needed to restore the level. 

Applying the Voltmeter Test 

The loaded voltmeter test, shown in Eig. 15, should not he applied to 
cells with a markedly lower density than their fellows, because the load 
imposed may hopelessly damage an already weak cell. Age and general 
use must be considered in ascertaining cell condition. A battery over 
two years old is about due for replating. 

External Indications of Plate Condition 

Inspection of lids will sometimes indicate plate condition. If lids are 
no longer level, but tend to lift under each positive terminal, the positive 
groups have distorted and huckled. 

Incorrect sealing of the positive-terminal post will result in the solu- 
tion rising hy capillary attraction and causing corroding of the cable lug. 

Overtopping 

Overtopping of cells may cause airlocks in the filling tubes and the 
solution being forced out by gas pressure. The level should not he more 
than J in. over the separator tops and clear of the bottom edge of the 
Ailing tube. Fit new stopper gaskets where necessary, and see that the 
stopper gas passages are unobstructed. 

Cleaning Cell Tops of Solution 

If the solution has been blown out over the cell tops, the best cleaning 
method is a jet of hot water from a geyser. Or a hettleful poured over the 
battery. When evaporated, a clean, non-conducting surface results. 



C.A.y. STARTERS, DYNAMOS, 
REGULATORS, AND CUT-OUTS 

T he very extensive range of equipment manufactured by C.A.V. 
makes it impossible within reasonable space to give details of every 
item. In the following, therefore, instructions for care and main- 
tenance are given for standard equipment, which will be found in most 
common use. 

Before removing any equipment from a vehicle for servicing, or 
carrying out work on wiring or equipment while it is in position on the 
vehicle, it is advisable first to disconnect one of the main-hattery con- 
nections in order to prevent short-circuits. If, however, a main-battery 
cut-off switch is fi-tted, this precaution is unnecessary, as operation of the 
switch serves the same purpose by breaking the main connection from 
the battery. 


ELECTRIC ENGINE STARTERS 

Two distinct types of C.A.V. starters are available for starting vehicle 
engines. Both types employ the famihar method of turning the engine 
by engaging a small-toothed pinion with corresponding teeth on the 
flywheel rim. 


Non-axial Starter 


Eor the majority of petrol engines the non-axial 



lig . 1.— Typical C.A.V. non-axial starter 


’ ’ or inertia-pinion 
type of starter is 
used. This is a 
simple series- 
wound motor with 
an extended shaft, 
on which is fitted 
a quick-start 
threaded sleeve 
along which a 
freely mounted 
pinion travels into 
engagement with 
the flywheel. The 
inoinentum of the 
pinion is caused 


440 
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by the rotation of 
the starter arma- 
ture , and the actual 
shock of pinion 
engagement vith 
the flywheel is 
usually absorbed 
through a large- 
section coil spring. 

Axial Starter 

The production 
of a, completely 
successful electrical 
starter for engines 
of large horse- 
po-^ex introduced 
many difficulties, 
which were not 
completely orereome until the introduction of the axial type of starter. 
As its name implies, the axial ’’-type starter is so termed because its 
armature and pinion shde with an axial movement in the bearings at the 
same time as they rotate, so that in the extended position the pinion 
engages with the teeth on the flywheel rim. The pinion is held in the 
disengaged position by means of a coil spring fitted inside the shaft at 
the commutator end. The operation of the axial starter is positive, and 
the risk of damage due to engine hackrock or faulty meshing of the 
pinion with the flywheel teeth is reduced to a minimum. 

Operation of Axial Starter 

The field windings of the axial starter are divided into the main 
series, auxiliary series, and shunt coils. 

When the starter push is operated, a current passes through the 
shuut- and auxiliary -series windings, which causes the arinatme to 
rotate slowly. At the same time the magnetic field in the poles acts upon 
the armature which, when disengaged, is out of complete register wuth the 
poles. The solenoid effect upon the armature pulls it forward, so that the 
pillion meshes gently with the engine -flywheel teeth, and at the same time 
a disc on the armature shaft trips a small lever which releases a catch 
and allows the main contacts in the solenoid switch to close. Thus it will 
be seen that it is only when the pinion is nearly in complete mesh v'ith the 
flywdieel that the main current can flow through the solenoid switch and 
energise the main starter series winding so that the full starting torque 
is applied. This feature ensures a positive and cpiiet engagement, 
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Fig. 3. — C.A.Y. axlal-type sTAU-TBa (BS6) sectioned ro show intbrnal oonsthuction 


without any violent engaging impact and consequent damage to pinion 
and flTwheel teeth. 

Pirectly the engine fires and gets xinder way the main current is 
greatly reduced, together with the strength of the magnetic field, so that 
the spring tension overcomes the force exerted by the magnetic field, 
and tlie pinion automatically disengages. This is not so, however, on 
machines fitted with ‘"holding-on” windings, in which the pinion is 
held in mesh with the flywheel teeth until the starter button is released. 
A further outstanding feature on the axial starter is the provision of a 
multi-plate friction overload device which prevents damage occurring 
due to engine backrock, and is a positive safeguard against the pinion 
teeth being sheared due to excessive load. It is a simple device employ- 
ing a screw and spring-loaded clutch assembly, which is so arranged as 
to have a slipping torque of approximately 1-|- to 3 times the starter lock 
torque. 

When using Starter 

Points to remember when using starter : 

Make sure all engine controls are correctly adjusted. 

Release the switch as soon as the engine fires. 

If the engine does not fire at once allow it to come to rest before press- 
ing the starter switch again. 

Do not use it continuously if the engine will not start. Ascertain the 
cause of failure. 

With some engines it is often helpful to depress the clutch when 
starting. 
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On no account 
should it be operated 
vhile the engine is 
running, otherwise 
serious damage is likely 
to occur to hofch. starter 
and fl[ 3 rwr}ieel teeth. 

Starter Maintenance 

4. — ClBAJB^CE BETWEBIT 3'EYWEEEL TEETH AND 

STABTEE, PINION" Aitiiougli tiiere IS 

a distinction between 
axial and non-axial 

types, the majority of items of maintenance apply equally to both types, 
and it is, therefore, possible to consider the following as applicable to both 
axial and non-axial types except where a distinction is indicated. 

Mounting 

When a starter is mounted by the manufacturer, care is taken to 
ensure that clearances between the starter pinion and flywheel teeth 


Fig. 5.— Method of bedding in cabbon brushes 
Wrap a strip of vei’y fiiio glass- or carboruiiduLiii. paper firmly round (.'Oiiuiiutator and 
mth brushes in position rotate armature by haad in normal direction until correct brush 
shape is obtained. 
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a,re maintained. Insufficient caxe, however, is often shown -wlieii the 
starter is remomited during service, and incorrect clearance is often the 
unsuspected cause of trouble. 

The pitch-line clearance between pmion and flywheel should be 
•015-*(>25 in., and the distance between centres may he calculated 
simply thus : 

lor example, Flywheel with 145 teeth, 
pinion with 13 teeth, 

centres •015 min. = 9*890 in. 

2x8 

+ *025 max. = 9*900 in. 



Fig , 6. — Testing- beush spring presstjees 
For correct spring pressures, see text. 


Another important hut often 
neglected dimension, which has 
considerable bearing on the 
pinion engaging speed and con- 
sequent hfe of the pinion, is the 
distance between the engagmg 
faces of the flywheel and pinion 
when the starter is at rest ; this 
should be : 

Axial : in. full travel of 

armature jj-i in. 

Non-axial : according to size 
and type of machine. 

Brush Gear 

Inspect the brushes at regular 
intervals of, say, every 5,000 
miles. If they are withdrawn 
completely from their boxes, 
take care to replace them in 
exactly the same position in 
their boxes. This will ensure 
that the bedding curvature of 
the brush face will conform 
accurately with the commutator 
periphery. 

Replacement of Brushes 

If for any reason it is not 
possible to replace brushes in 
their former positions, or if new 
brushes are fitted, they should 





8. — ARR-ANaEMENT OF AH^MATUBE: TESTmO APPARATUS 

The conbiiiiiity of the arrnature coils is being tested ia a simple jig on the right. This 
method of testing is described in the text. A. growler is show'll on the left. 
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The mica insulation between the commutator segments should be removed to a depth 
of ^ in. below the copper sarface. 
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be “ bedded ’’ before the machine is run. This simple operation can be 
carried out by wrapping a strip of very fine glass- ox carborundum paper 
(do not use emery cloth) firmly xoimd the commutator, and with the 
brashes in position rotate the armature by hand in the normal direction 
of rotation until the correct brush shape is obtained. 

Brushes should be free in their guides. Badly worn brushes will 
cause trouble because the brush trigger or spring can no longer provide 
effective pressure. 

It is essential that replacement brushes are of the same grade as those 
fitted originally to the machine, also that the brush-spring pressures are 
not altered. Test the hrush-spring pressures (^ee table) by means of a 
spring-balance booked under the spring trigger or spring tips. The 
pressure can be varied on the majority of C.A.V. machines by twisting 
the spring into different slot locations on the trigger. 

Brush-spring Pressures 

SC, S5, ZBB, 2:AB12V0LT 24-32 omces 

ZAB24VOLT 36-48 „ 

BS512 and BS524VOLT 32-40 „ 

BS612 and BS624VOLT 18-24 „ 

Attention to Commutator 

Good commutation is essential for the consistent and trouble-free 
running of any starter. The commutator surface should be clean and 
free from uneven discoloration. 

Any deposit bridging the segments across the intersegment insulation 
should be removed, and the commutator surface cleaned with a very fine 
grade of glass- or carborundum paper (do not use emery cloth). 

Skimming Commutator in Lathe 

If it is found impossible to clean the commutator by this method, 
or if the surface is badly pitted, it will be necessary to skim the commuta- 
tor in a lathe. Only a very light cut should be made, and a diamond- 
tipped or wimet-tipped tool used to ensure a high-quality finish. 

Undercutting Commutator 

The commutator should be ^‘undercut ” after turning, i.e. the mica 
insulation between the commutator segments should be lemoved to a 
depth of 7 / 5 - in. helow the copper surface, care being taken to remove the 
full width of mica and to leave nothing to project above the copper. 
Eor this operation may be purchased a special tool, which generally 
takes the form of a small saw-blade, complete with handle and a heavy 
reinforced back to the blade in order to assist steadiness in use. An old 
hack-saw blade will, however, make a serviceable tool in an emergency. 

Testing the Armature Coils 

When a commutator has been examined and reconditioned according 
to the above, and intermittent running of the machine is evident, the 
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possibility exists of 
one or more of the 
axmatiire coils be- 
ing either burnt 
out or damaged. 
Continuity of arnia- 
ture coils via the 
axmatTire can be 
tested on a simple 
jig, wMch is shown 
in Fig. S. The 
armature is 
mounted between 
centres on a fixture 
JFig. 9. — ]SroN-AxiAi.-TYPE stahtek. dbiye on which are also 

fixed two carbon or 

copper brushes, mounted at an angle of 90° to each other and in such a posi- 
tion that they can be made to contact with the commutator periphery. 
A car battery is connected to the two brushes, and a milli-volt meter is 
reqtured complete with two hand -spikes. A yariable resistance should be 
included in the battery circuit, capable of carrying the full output of the 
battery and adjusted to give 2 Yolts or less on the armature. To carry 
out the test the hand-spikes are applied to two adjacent commutator 
bars and the milli-volt meter reading recorded. This procedure is con- 
tinued all the way around the commutator surface (each bar being used 
twice in succession) until all bars hare been tested and the readings 
recorded. 

If all the coils are in order the readings should be approximately 
the same, any big variation, therefore, indicating a fault in the coil 
connected to the respective commutator bar. It is useful to know that, 
generally speaking, 
a reduction in milli- 
volt reading indi- 
cates a short- 
circuit, whilst the 
converse shows 
either a faulty con- 
nection or an open 
circuit. 


Field Coils 

Unless particu- 
lars of windings, 
resistances , et c . , are 
known for each 


Fi(/. 10.™C.A.V. TYPE IC STARTER DRIVE 



Fig, 11. — A.ppAJU.rus por testin-q ciutch torque ok axiiai-type starters 


particular type, a successful test cannot be undertaken. It is possible, 
of course, on macbines with straightforward windings to test for contin- 
uity and internal shorts, the latter test being carried out by comparing 
the resistance registered in each coil by means of an ohmeter. Alterna- 
tively, the voltmeter-ammeter method may be used. As the resistances 
of the coils should be within 6 per cent, of each other, any excessive 
variation registered in any single coil shows that coil to be faulty. 


Lubrication 

The majority of non-axial starters are fitted with oil-less types of 
bearings which do tiot need lubricating. There is, in fact, a danger of tlie 
self-lubricating properties becoming affected if lubrication is attempted. 

When lubricators are fitted to non-axial types a soft grease, as used 
for general chassis lubrication, is recommended. 

Axial -type starters are fitted with greasers at the com mutator end. 
These should be kept filled with the recommended grease, grade Bol. 1 .iv. 1 <3, 
but should not be over -lubricated. Over-lubrication is liable to cause 
costly damage through burned commutators, and saturated armatures, 
field coils, switch, etc. 
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STARTER DRIVE 

Non-axial Starter 

Tlie pinion of non-axial starters should be kept free in travel. The 
screwed sleeve should be cleaned with paraffin and lubricated -with thin 
machine oil. 

Some drives are fitted •with a light spring to prevent the pinion from 
creeping into engagement with the flywheel through vibration. This 
spring should be kept perfectly free and its efficiency maintamed. 

A small retarding plunger fitted to pinions with counter-weights must 
be kept free in operation. 


Axial Starters 

The pinion on axial starters requires little attention. It is kept 
lubricated automatically by a felt wick in the driving-end shield ; that 
is, of course, provided the lubricators are kept well filled, hut not over- 
filled. 


Bearings 

When wear occurs in bearings they should be replaced and no attempt 
made at reboring. Replacement of bearings calls for very accurate 
workmanship, and unless adequate facihties exist for extracting and 
replacement it is advisable to have the work carried out by the manu- 
facturers. 


Clutch 

As previously mentioned, all axial-type starters are fitted with an 
overload device to prevent damage occurring due to engine backfire. 
On certain 5-in. diameter non-axial starters fitted -with the type IC drive, 
a clutch arrangement, similar to that used on the axial machine, is also 
fitted. 

Before any attempt is made to replace jdates or any other parts in a 
clutch it is necessary to have test gear available, similar to that shown in 
Fig. 11. 

When new plates are fitted, care should be taken to insert them 
alternately bronze and steel. A bronze plate should be inserted first 
into the housing, followed by a steel one, and so on alternately, in order 
that the last one will be steel to take the pressure of the small sprmgs. 

After the clutch has been assembled it must he adjusted to slip at 
100-115 Ih. ft. torque, and tested about ten times. After this test the 
clutch should he adjusted to slip at 80-100 lb. ft., and if it slips with less 
than 80 lb. ft. torque, compensating washers must be inserted between 
the plates and the hack ring until the correct slip is recorded. These 

M.H.O. IT. 29 
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wasliers are avail- 
able in two thick- 
nesses, *1 and T5 
mm. respectively. 

Terminals 

Eiszing nuts and 
screws on terminals 
sbould be kept tight 
and clean. Where 
rubber caps are 
supplied for cover- 
ing the terminals 
they should be 
used, because they 
provide protection 
against accidental 
short-circuits. 

Care should be 
taken when discon- 
necting cables to 



Fig. 12.— Tvpical S-xn. dlambter C.A.V. oompei^sated 

VOXTAGE coranox DYNA-MTO 



Fig. 13,— ’Typical C.A.Y. dynamo with combined regulator 

AND CUT- our, MOUNTED ON YOKE 


replace them on the 
same terminals. 

Starter Switches 

The design of 
the axial starter 
incorporates a 
solenoid - operated 
switch. This switch 
plays an important 
part in the opera- 
tion of the machine, 
and will be found 
dealt with in detail 
under the heading 
of ‘ Switches and 
S w' i t c h g 6 a r . ' 
Details of starter 
switches used in 
conj unction with 
non -axial starters 
will also be found 
described in the 
same section. 
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Don’ts ” to Remember Regarding Starters 

DoTi^t 

Attempt to xebore the poles or le-machine aimature cores of axial 
staxfcexs, because this will upset the engaging action of the starter. 

Use other than proper brushes. Incorrect grades -will result in bad 
commutator surface and. pitting through excessive sparMng ; possibty, 
also, in loss of power. 

Use other than recommended lubricants. Incorrect lubricants cause 
excessive hearing wear. 

Damage armature core when holding it for torque test of clutch. 
Short-circuits in windings may occur or the air gap between poles and 
armature may be affected. 

Bend or damage axial-starter tripping plate on armature, otherwise 
the timing or pinion engagement will be altered. 

Let oil or dirt come into contact with the commutator. This may 
cause short-circuits between commutator bars, uneven brush wear, a 
bad commutator surface, and breakdown of insulation. 

Be over-enthusiastic with lubricant. Oiling is very necessary on 
some machines, but if excessive will result in saturated windings and cause 
premature breakdown of insulation. 

DYNAMOS 

The majority of C.A.V. djmamos are now designed for the compen- 
sated-voltage control system. This system makes the provision of a 
dynamo charge -control switch unnecessary, as the charging current is 
controlled automatically by the voltage regulator, in order that the 
battery may be fully charged and yet he protected from the possibility 
of its becoming overcharged. Once the dynamo speed has exceeded 
cutting -in speed, its output voltage is kept slightly in excess of the back 
pressure of the battery, irrespective of any variation in speed. In addi- 
tion, the excess voltage is increased as the battery becomes discharged 
and reduced correspondingly as the battery becomes more highly charged. 

It is the usual practice to mount in a separate control board the 
regulator and cut-out for use in conjunction with compensated voltage- 
control dynamos. On small-type machines, however, either a regulator 
or combined regulator and cut-out unit will he found mounted directly 
on the yoke of the machine. 

Checking Performance 

The performance of a dynamo can be checked if the following simple 
test is applied : 

Connect a “ centre zero ” ammeter in the main connection between 
the lamp-load and positive-battery connection. Run the dynamo at 
1,200 r.p.ni, or more and switch on all lamps. A small discharge should 
at first be registered in the ammeter if the battery is well charged, whicl\ 
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will gradually become less and less ; and within an hour should com- 
mence to show a charge. If, however, the battery is discharged at the 
commencement, the ammeter will indicate a charge immediately and the 
more the battery is discharged the higher will be the charging rate. 

General Maintenance 

Armatures and field coils on dynamos are similar in construction 
to those fitted in starters, and for this reason the maintenance instructions 
given for starters can be considered as applying equally to dynamos. 


Brush Gear 

Brush-gear maintenance on dynamos is also similar to that given 
for starters on page 444, except that the brush-spring pressures vary 
according to the respective dynamo types, as follows : 


Dynamo 


Pnsmre. in Ounces 


U45R 2a-27 

D45B, C, and D 15-16 

OBR, DBLR, DBK, DBLN .... 20-22 

I>A, DOA, DU, DOR, DRA .... 30-33 

M, MO, MR, MLOR, MVR 23-35 

D7X,D07X,D7C,D7CI',D8C . . . . 13-14 

MYR, MOVE, MYS, MYRA .... 24-26 

D65B, D065B, D65C, D065C . . . . 15-17 

D5L, D5LF 14-16 

G55F24 12-13 



Fig, 14. — C.A.V. CONTH.01 boajid, tvpe 37F, with covers removed 
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'^Hg, 15. — ?ABT SEcnoN oi C.A.V, B2-TYrE regulator 


Lubrication 

All dynamos are fitted with large grease-cups on each end of the 
machine for applying grease to tlie bearings. Either roller or hall 
hearings are fitted, ■wMch are packed with grease when the machine is 
first manufactured. It is, however, necessary to give the greasers a half- 
turn approximately every three weeks to ensure that a good supply of 
grease is available at the hearings. When refilling the grease -cups it is 
important to use only a good-quality high-melting-point grease. 

Regulator and Cut-outs 

The maiutenance of these items is explained under their separate 
sections on the following pages. 

General Maintenance Hints 

The following points should be observed and checked when refitting 
a machine to an engine after overhaul or replacement : 

{a) The driving pulley or other member should be clamped tightly 
between the shaft collar and shaft nut on machines fitted with parallel 
shafts. On machines fitted with tapered shafts, the driving member 
should be located firmly on the taper to ensure even and quiet running. 

(b) G-reasers should be accessible and preferably abov^e the horizontal 
centre-line. 

(c) Careful alignment of the dynamo axis with the driving coupling, 
or any other equipment to which the dynamo is coupled, will ensure 
maximum ball-race life. Tlexible couplings should be used wherever 
possible. 

(d) See that the band cover can be easily removed to facilitate brush 
replacement and inspection. 
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(e) Particular care should he taken to replace shaft keys whea 
remounting the pulley or coupling. 

(/) Terminals or terminal boxes should be kept well away from 
obstruction, to prevent short-circuits and damage to cables. 

{g) Air inlets and outlets on fan-veutilated machines must be away 
from any source of heat and kept perfectly clear. They should also be 
shielded from access of road dirt and water. 

(A) Considerable damage can he caused hy oil and water leaking from 
an engine and entering a dynamo. Yery great care should be taken if 
the dynamo is near the crankcase breather, fuel pump, etc., to see that 
neither the fuel oil or oil vapour enter the dynamo.' 

(i) Cradle -mounted machines should fit squarely across the cradle 
flanges and be accurately located by the dowel. 

(k) Cradle straps must be tightened evenly a little at a time, and 
should not foul the dynamo-cover band. 

(l) Plange fixing bolts should be tightened evenly, care being taken 
that the flange locates firmly in its spigot. 

(m) Always replace the split-pin locking the driving-shaft nut on 
flange-mounting machines. 

CONTROL BOARDS, REGULATORS, AND CUT-OUTS 
Control Boards 

C.A.V. control boards are used in conjunction with compensated- 
voltage control dynamos. They are mounted separately from the 
dynamo and include, under a dustproof cover, the regulator, cut-out, fuses, 
and various resistances. 

Terminals are also fitted for cable connections, and junction points 
which are accessible under an easily removable cover mounted separately 
from the main cover. 

When the control board is dispatched from the manufacturers, the 
regulator cover is sealed in order to prevent any unwarranted inter- 
ference with regulator or cut-out. This precaution is necessary because 
the satisfactory working of any eoinpensated-voltage control equipment 
is maintained entirely by the regulator and cut-out, and unless facilities 
exist, therefore, for accurate testing and setting it is advisable to return 
the complete unit to the manufacturer when readjustment or overhaul 
becomes necessary. The procedure to be adopted when adequate 
facilities do exist are given later. 

Sizes and types of control hoards vary considerably, according to 
the dynamo and battery with which they are required to work in con- 
junction. Particular attention should be paid to the details given on the 
instruction label permanently fixed to the cover, which states clearly the 
type of dynamo and battery for which the control board is suitable. 
These instructions should be rigidly adhered to unless the manufacturers 
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Fig. 16. — C.A.V. bajirel-type begxtlator undergoing “bdzzeb” tests 


have beex consulted as to the satisfactory workiag of the control board 
v^ith any other equipment. 

Fuse Values 

Fuse values are important. On nearly all types of control hoards 
spare fuses are provided which should be used for replacements . Should 
genuine replacements not he available, care should he taken to use a fuse 
of exactly the same rating as the one previously used. On O.A.Y. 
cartridge and strip -type fuses the rating will he found stamped on the 
ends of the fuses. 

Regulators 

The correct and satisfactory working of the coinpensated-voltage 
control system is dependent upon the voltage regulator as described 
later. Yarioxis types of regulators are available, all of which are 
described in this section under their various-type headings. A careful 
note should be made of the type symbol marked on the regulator before 
any adjustment or work is carried out. 

Regulators — Types B1 and B2 

These are barrel -type regulators identical in design, tlie only differ- 
ence between the two being in the winding and outside diameter, which 
for type El is 2| in. and for B2 l^y^ in. 

Referring to Fig. 15, it will be seen that two end cap3S (B) are perma- 
nently ffxed to the main body {A) by spinning over the ends of the body. 
In the centre of the regulator is the armature {€), into which is screwed 
the brass distance-piece (D). The armature and distance-piece are held 
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in a floating position by springs (F), tkrougb the medium of contact 
screws (0) and {H), Adjustable contact screws (J) and (S) are screwed 
into the end caps, and locked into position by locknuts {X) and ( J). 
Adjustment of the regulator can be controlled over a wide range of speed 
by adjustment of these pairs of contacts, one pair of wbicb is arranged 
to insert a resistance in the field circuit of the dynamo, and the other 
pair to short-circuit the dynamo field when the dynamo is running at 
high speeds. 

Testing B1 and B2 Regulators 

Should trouble occur with the lighting equipment, or bad starting 
be evident through run-down batteries, it is advisable to test the open- 
circuit regulator voltage in order to ascertain if it is within the prescribed 
limits. 

On the metal label fixed under the locknut (R) is marked the regulator- 
type formula, the last figure of which indicates the voltage setting 
according to the list set out below. For example, regulator marked 
E1E2 — No. 2 setting in list, i.e. 14-0-14-5 volts. 

Voltage Settings for B1 and B2 Regulators 

Voltage settings covering the El and B2 regulators are as follows : 

B2 RRGULA.TOR 

Open Cirmit 
Voltage Settintj 
. 15-0 -15-5 ' 

. 14-0 -14-5 
. .15'5 -16-0 
. 14-5 -15-0 
. lO-O -16-5 
ri6-0 ^ 

. j4-5 -15-() 

. 17-5 -18-0 
. V'fD - 8-0 
. 7-25- 7-7f) 

. 7-75- 8-2r) 

. 7-5 - 8-0 

r)-5 - 0-0 set on 
10/11 amp. 
load. 

When the voltage setting is known, the regulator should be tested on 
open circuit ; that is, with all load due to lamps and other accessories 
switched off and with the battery disconnected. A voltmeter should he 
connected across the dynamo terminals and the dynamo run at a speed 
between 1,000 and 1,500 r.p.m. If the recorded voltage does not fall 
within the prescribed tolerance it is necessary for adjustment to be made. 


Bl REGULATOR 


Symbol 

^No. 

1 


9 

10 


11 

13 

41 

42 
21 


Open Ciremt 
Voltage Setting 

15- 0 -15-5 
14 0 -14-5 
14-5 -15-0 

16 - 0 - 10-5 

13 - 75 - 1 4 - 2.5 

14 - 75 - 15-25 
14-5 - 15-0 

/ 15'0 - 15-5 
■^^'1 16-0 -16-5 
/15-6 -16*0 
-18-0 

14-25-14-75 
-p.,. ri5-0 -15*5 
■^^‘bie-O -16*5 
10-0 -10*5 
30-0 -30-5 


Symbol 

1 

2 

3 

5 

6 


9 

10 

14 

21 

22 

23 

32 
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Wken this test is • 
beingmade the regu- 
lator must be cold. 

Adjusting B1 and 
B2 Regulators 

It is important 
that the various 
operations de- 
scribed should be 
carried out in the 
sequence given : 

(1) Slacken back 
locknuts (Z), (R), 
and (7). 

(2) Screw back 
contact (/). 

(3) Screw back 
second contact (/S') 
as far as possible. 

(4) Screw back 

the sleeve (E). i/.— u.a.v. oPEJsr-TvpE re«dxator “ bj 

(5) Screw in the 

lirst contact (/) until the armature (C) makes contact with the sleeve (Z)). 

(6) Screw back the first contact two complete turns on the Bl regu- 
lator and one-and-a-half complete turns on the B2 regulator. 

(7) Lock the first contact screw (J) in this position by means of the 
locking nut (X). 

(8) Connect the regulator to a suitable dynamo and run the dynamo 
at approximately 1,000 r.p.m. 

(9) Screw in sleeve (X) until the required voltage setting is obtained. 

(10) Lock sleeve {E) in position by means of locknut {R). 

(11) Stop the dynamo. Screw in the contact [JS) as far as it wdll go. 
Turn contact (8) back one complete turn. 

(12) Check the voltage -setting readings. If after a speed of 1,000 
r.p.m. is reached the voltage rises, stop the dynamo. Screw the contact 
(J) in slightly and readjust (/S') as in (11). If the voltage drops, unscrew 
contact (J) slightly and readjust (/S'). 

It should he particularly noted that the adjustment of contact (S) 
is possible only while the dynamo is stationary. If the contact is sere weci 
up while the dynamo is running a short-circuit is caused on the dynamo, 
resulting in a fusing or welding of the regulator points. 

_ Regulators used in conjunction with ten-cell Nife hatteries are sup- 
plied with an extra “low -voltage ’’ lead, and for this type two voltage- 
setting figures are shown on the label. The second figure should occur 
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when, tlie double- 
voltage lead is con- 
nected to dynamo 
positive, all con- 
nections to the low- 
voltage dynamo 
terminal being 
disconnected. 

Maintenance of B1 
and B2 Regulators 

With the excep- 
tion of contacts, 
very little should 
need attention dur- 
ing the life of the 
regulator. After 
iEGtiLATOB poR DYNAMO prolonuod poriods of 

i BUMOVED ^ • XT X. i 

running the contact 

should be inspected and, if dirty, cleaned with spirit or very fine carbor- 
undum paper ; a file or coarse grit should not be used in any circum- 
stances. If they are badly burnt or pitted they should be replaced by 
genuine C.A.Y. spare parts, and the following procedure adopted for their 
removal : 

(1) Contact (J). Release locknut (X) and unscrew contact. 

(2) Contact (S). Release locknut (R) and unscrew sleeve (E), The 
contact (iS) can be screwed out of the sleeve after releasing the locknut 

(n 

(3) Moving contact {G). Hold contact {H) by means of a box- 
spanner, or preferably a bench fixture. By means of another hox- 
spanner, remove contact (G) and immediately insert the new contact. 

Extreme care must be taken with the operation of unscrewing the old 
contacts and screwing in the new ones, as, if excessive pressure is applied, 
the support springs {F) will be distorted and the operation of the 
regulator interfered with. 

(4) Moving contact (E). Proceed in exactly the same manner as 
contact {G). 

It is necessary when new parts are fitted that they should be “ bedded ” 
down before placing the regulator into service. The apparatus required 
for this operation is simple and the small outlay required will be amply 
repaid by the resultant consistent running of the regulator during service. 

An alternating -current mains supply is required to be stepped down by 
means of a transformer to an output of 20 volts, which is suitable for 
testing 6-, 12-, or 24-volt regulators. Connection is made from the 
20-volt supply to the shunt winding of the regulator through the medium 
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of the connections fitted under locknuts (X) and {JR), When the current 
is s"\vitched on, a violent oscillation is produced in the regulator contacts, 
corresponding with the frequency of the alternating-current supply. 
The current should be left on for approximately half an hour, at the end 
of which time the regulator can be placed in service, provided that the 
voltage settings have not changed. They must be checked after regulator 
has cooled down thoroughly. 

It should be noted that the open-circuit regulator settings will be a 
httle high if tested directly after the buzzing test owing to the regulator 
being hot. 


► 

ComHned Regulators and Cut-outs — Types BJ and BK 

Types BJ and BK are of the single-unit construction, incorporating 
both regulator and cut-out, each having its own core and windings. 

Type, BJ is for use with large dynamos fitted with two sets of field 
coils. It is fitted with three bobbins and armatures, of wTich two are 
for the regulators and one is for the cut-out. 

Type BK is similar to type B J, hut is used with smader-type dynamos. 
It is fitted with only two bobbins and armatures, one each for the regulator 
and for the cut-out. 

Testing Combined Regulators and Cut-outs 

On every regulator will be found stamped the type number in a 
conspicuous position. Tor example, BJ4-285, wRich indicates the 
voltage setting as well as the type. The last figure in the group symbol 
is decimal, with which a tolerance of plus \ volt is allowed. It will be 
seen that the voltage setting can he quickly derived, that in the example 
being 28*5-29 *0 volts. The cut-out voltage is as a rule set between 
1-1*5 volts below the minimum regulator setting. 

When the voltage setting has been derived from the type formula, 
the regulator is tested on open circuit after the battery and load have 
been disconnected in the same manner as described for the Bl and B2 
regulators. If, when tested, the setting does not fall within the '|-volt 
tolerance allowed, adjustments should be made according to the following 
instructions (the letters referred to are those shown in Fig. 19) : 

(1) Slacken ofi* screws (A) attaching the fiat springs to the frame. 

(2) Slacken off adjustable contacts {B). 

(8) Slacken oif pressure-spring adjusting screws (U) and (D). 

(4) Press armature down on to core and back against frame. It is 
essential that there is no air gap between core or frame. 

(5) Tighten screws [A). 

(6) Adjust contacts {B) so that the gaps between core and armature 
lies between 1 -2 and 1*4 mnx., measured at the armature tip. 
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KEY TO FIG. 19. 

A. Armature fixing scre-ws. 

B. Adjustable regulator con- 

tacts. 

C. Regulator voltage setting 

screws. 

D. Regulator voltage setting 

auxiliary screws. 

E. Adjustable main cut-out con - 

tacts. 

i\ Adjustable auxiliary cut-out 
contacts. 

G. Cut-out voltage setting 
screws. 

II. Screws holding regulator 
fixed contacts. 

J. Main regulator franie. 

K. Regulator coil. 

L. Regulator armature. 

Jf. Cut-out armature. 

A. Bobbin core. 

0. Cut-out armature regulating 
stop. 



Fig. 19. — “ BJ ’’regulator akd cut-out 


KEY TO FIG. 21. 

A. Mainframe. 

B. Core. 

C. Bobbin. 

I>. Armature. 

B. Moving contact strip . 

B. Spring support. 

Q. Armature spring. 

H. Locking piece. 

J. Adjusting nut. 

K. Terminal block. 

L. Terminal screw. 

M Fixed contact strip. 

A. Packing shims. 

B. Pixing screws for contact 

strip . 

Q. Terminal screw. 


AA CUTOUT REGULATOR 



Fig. reuulatoii and cut-out 
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Electrical Setting 

(7) The required open- 
valbage setting is obtained 
by the adjustment of screw 

( 0 ). To raise the voltage, 
screw downwards; to lower, 
unscrew upwards. The 
stop-screw (D) should then 
be adjusted until it touches 
the bronze armature spring 
and then screwed hack oue- 
and-a-half turns to leave a 
gap. The dynamo should 
he stopped and restarted 
several times, in order to 
make sure of the correct 
adjustment. It should be 
particularly noted that in the case of the BJ regulator the two bobhins 
should be adjusted separately by disconnecting each dynamo field in 
turn and then finally balancing them as near as possible together with 
both dynamo fields connected. 

Cut-out Settings 

Settings are effected in a similar maimer to the regulator setting, 
and it is permissible to remove the armature, if necessary, for contact 
cleaning- When the armature is replaced, or needs adjusting, the follow- 
ing operation should he carried out in sequence (see Fig. 19) : 

(1) Slacken oif screws ( A) attaching flat spring to frame. 

(2) Slacken off, to separate, main contacts (JS) and auxiliary con- 
tacts (F). 

(3) Insert feeler gauges OT mm. thick hetween armature and frame. 

(f ) Press armature down on to the core and back against feeler so 

that feeler is gripped firmly. 

(5) Tighten clamping screws ( ^4). 

(6) Screw down main contact (B) until gap between the armature 
tip and core is 0*5 mm., when contacts are closed. 

(7) Set armature gap with contacts open to 1*4 mm. by bending the 
armature stop (0) gently or tapping lightly -vvith a screwdriver. 

(8) Adjust auxiliary contacts (F) to close when main contacts are 
still 0*2 mm. open. 

Adjust screw (G) so that armature operates at 1-1 *5 volts helow mini- 
mum open-circuit regulator voltage. 

In the unlikely event of the contacts being found to be in a dirty 
condition, they should be cleaned with very fine carborundum i^aper and 
a chamois leather dipped in 05 per cent, pure ethyl aleoliol. 



22. — Typical C.A.V. cm-onT, type 
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Regulator Type BG 

A small combined regulator a,nd cut-out known as type BG is used 
for the C.A.Y. 4|-ia. dynamo type D45D. This regulator is screwed 
direct to the dynamo yoke, and is not fitted in an external control board 
as customary with the larger dynamos. 

Take care to avoid confusion with the old type F regulator fitted 
to dynamo types D45B and C, because externally both the F and BG 
bear a close resemblance. Internal construction, however, is very dijBfor- 
ent, and it is mt possible to use the BG-type regulator on a I)45B or C 
dynamo, nor is it possible to use the E regulator on dynamo type I)45D. 

The minimum voltage-setting figure is obtained from the type symbol 
in a manner similar to that described fox the BJ and BK regulators, the 
tolerance in the case of the BG being plus 0*5 and 0*2 volt for the 12-volt 
and 6 -volt maehines.respectively. Cut-out voltage is set at 1 *5 to 4 volts 
below the minimum regulator setting for 12-volt I)45D dynamos, and 
1 to 2*5 volts down for 6-volt machines. 

Electrical settings should be carried out with the dynamo running 
at approximately 1,000 r.p.m. 

Cut-out Mechanical Setting 

(1) Slacken off screws {A A) attaching flat springs to the armature 
frame {see Pig. 20). 

(2) Insert 0*25-nim. feeler between the armature and frame. 

(3) Press down the armature on to core and back against feeler so 
that the feeler is gripped jdrmly. 

(4) Tighten screws [AA] holding the flat spring. 

(5) Set air gap between armature tip and core from 0*9 to 0*95 mm. 
wRen contacts are open. This can he adjusted by hending strip {AB ) . 

(6) Set contact gap from 0-3 to 0*35 mm. when contacts are open, by 
bending contact strip. 

Cut-out Electrical Setting 

This is carried out by bending the brass strip [AC), which is in 
contact with the cnt-out auxiliary spring. 

Regulator Mechanical Setting 

(1) Slacken off screws {AD) attaching armature flat spring to frame. 

(2) Insert a feeler 0*15 mm. thick betw^een armature and frame. 

(3) Press down armature on to core and back against feeler so that the 
feeler is firmly gripped. 

(4) Tighten screws {AD) attaching armature to frame. 

(5) Set air gap between armature tip and core from 0*6 to 0*65 mm. 
when the contacts are closed. This adjustment can he made by bending 
the fixed contact bracket {AB). 
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Regulator Electrical Setting 

This is a^djusted by the control screw [AF], which sets npon the 
auxiliary spring. 

Separate Unit Cut-outs 

The cut-out is a very necessary part of the electrical equipment, in 
order to prevent the battery discharging through the dynamo when the 
dynamo is at rest, or when the speed of the dynamo is too low to generate 
a sufficient pressure to overcome that of the battery. 

The contacts of the cut-out are open when the dynamo is at rest or 
running at a low speed, so that the direct connection between the dynamo 
and battery is broken. 

As the dynamo speeds up and eventually reaches the cutting-in 
voltage of the cut-out, the windings of the cut-out magnetic core are suffi- 
ciently energised to attract the steel armature and close the contacts. 
The connection between the dynamo and battery is, therefore, completed 
and will remain so until the d5niamo speed falls below cutting-out speed 
and the contacts reopen. 

Cut-outs — Types 4 and 4G 

This cut-out is fitted with a laminated main contact together with 
auxiliary carbon contacts, the latter being arranged to make before, and 
break after, the main contacts. 

The moving armature hinge-pin should be lubricated occasionally 
with thin machine oil. 

Contact faces should be kept clean with very fine carborundum paper 
or a fine file, care being taken to keep the faces perfectly flat and square 
with each other. Emery or coarse grit should not be used for this 
operation. 

Replace the contacts, if the laminations are burnt so that they will 
not spread or their faces are badly pitted. 

Do not alter the tension of the armature spring. 

Cut-out — Type No. 7 

This is a heavy-duty unit fitted with a large laminated moving 
contact. 

Maintenance details are the same as given for types Nos. 4 and 4G. 

The position of the stop-screw should not be altered. 

Cut-out— Types DR, DRl, and DWO 

All these types are similar in construction, the essential differences 
being only as follows : 

Type DR — Terminals marked 5 A. 1 insulated return . 

Type DRl — Terminals marked 5 A.l insulated return for use with 
DELR and DBLN dynamos. 
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Type DWO — Teimirials inaiked 5 A.l insulated return, diagram 
marked in cover. 

Adjustment of Cut-outs 

All cut-outs dispatched from the factory have keen ttoroughly tested 
and adjusted to work in conjunction with their respective dynamos. 
After considerable use it may be necessary to readjust the cut-out to the 
following particulars (set also Pig. 21) : 

Contact air gap : *020—025 in. (-S-'BS mm.). Adjustment is possible 
by carefully bending the moving contact strip arms. 

Air gap between the core and armature with the contacts closed : 
•010—015 in. (-25—38 mm.). Adjustment is effected by removing one 
or more packing shims (A) clamped between the core and frame. In 
order to do this it is necessary to first remove the armature [D) and fixed 
contact strip (M) with the terminal block (X), after having extracted 
the fixing and terminal screws (L) (F) (Q). The core, with its bobbin, 
can then be easily taken from the frame, after removing the fixing nut 
and washer ( J2). 

The reverse current should not exceed 2 amps, on the O-volt, and 
3 amps, on the 12-volt cut-out. 

By turning the nut (J), the voltage at which the cut-out operates 
can be adjusted to suit the dynamo it is to work in conjunction with. 

Setting for 6-volt machines should be 6-5-7-0 volts. 

Setting for 12-volt machines should be 12-25~12*75 volts. 

After having made the necessary adjustments, care should be taken 
that the nut (J) is firmly in position against the curl of the soldering tag, 
in order to prevent it from turning due to any exterior vibration. 

Maintenance of Cut-outs 

The contact points should be periodically examined for corrosion or 
dirt. They may be cleaned with spirit or very fine carborundum paper, 
but do not use a file or any form of coarse grit. 

If the contacts are in a biunt or pitted condition they should he 
replaced. To replace them it is necessary to remove the whole contact 
strip as, owing to the size of the contacts, they are supplied already 
riveted to the strip. The contact strips can be removed by extracting 
the respective fixing screws (P) or (Q). Take care to replace the 
insulating pieces and bushes in their correct positions. 

The bobbin windings should on no account be touched. If any 
fault is located or suspected, the cut-out should be returned to the 
manufacturers to be rewound or repaired. 



JACKAIL JACKING SYSTEM 

MAINTENANCE AND SERVICE 

By DENYS H. SESSIONS 

O T the several types of jacl and jacMng system fitted toth as 
standard and as optional equipment to the car of to-day, it may 
generally "be said that in the event of trouble the simplest and 
wisest course for the repairman is to return the faulty unit tinder the 
respective manufacturer’s scheme for advance seivice. This is not so, 
however, in the case of the Jackall inbuilt jacking system, and the follow- 
ing remarks are intended to serve as a guide to the repairman who is 
presented with the problem of a quick cure and who receives little more 
hy way of assistance from the customer than the somewhat vague state- 
ment : My jacks won’t work ! ” 

The System Explained 

In the first place an understanding of the system is essential. Operated 
on the hydraulic principle, the Jackall system consists of three main 
components : the Tluid reservoir, the Distributor and Pump, and the 
jacks. Connecting these there is a system of piping, and hy virtue of 
the fact that part of the system is mounted on the frame and coachwork 
and part on the axles, some form of flexible connection must form a part 
of the piping arrangements. 

Operation of the pump by means of the operating handle has the effect 
of transferring fluid from the fluid reservoir to the jacks under pressure. 
The jacks are thereby extended, and being rigidly attached to the car 
axles they have the effect of lifting the car upwards until the full extent 
of their travel is reached. 

By means of the distributor it is possible to transfer fluid to all the 
jacks or to only front or rear, as may be desired. 

To lower the car it is necessary only to open a release valve which 
allows the fluid to escape from the jacks back into the fluid reservoir. 
"When the weight of the car is off the jacks these continue to retract owing 
to the internal return springs fitted. 

Operation 

To operate the Jackall system, it is necessary first to procure the 
handle, which may be clipped to the bulkhead beneath tlie bonnet, 
under the fascia, or in the tool-box. The pump and distributor unit may 
M.E.o. IN, — 30 405 
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Te fitted under the bonnet or, a« 
in most cases, under the fiooxboards 
beneath or in front of the passenger’s 
seat, in which event the floor covering 
should be rolled back to expose the 
trapdoor covering the unit. The 
handle should be applied to the 
spigot identified with a D on Pig. 2, 
and worked to and fro. Before 
the pump is effective, however, it 
is necessary first to close the release 
valve by screwing down the bakehte 
knob (P) and to select “"front,’’ 
“ rear,’’ or “ all ” jacks by moving 
the selector (Q) to the required 
position. 

The operator will know that the 
respective valves are closed correctly 
as soon as be starts to oscillate the 
pump handle. If everything is cor- 
rectly set, a slight resistance will be 
felt on the handle, which will slightly 
increase as the jacks make contact 
with the ground, and a very greatly 
increased resistance will be felt when 
full extension of the jacks has been 
reached. 

At this stage, of course, there 
is no further object in continuing 
to pump, hut a pressure-relief valve 
is incorporated in the system so that 
no harm can result if the operator 
should for any xeasoii endeavour to 
continue pumping after thisstage . T o 
lower the car, it is necessary only to 
unscrew the bakelite release-valve 


i'ifj. 1.— Section thuough the jack 
[iSmith^s Jacking ^yste77is, ltd.) 


knob (P) one complete turn, when 
the car will drop to the ground and 
the jacks will automatically return 


into their housings. The suddenness with which the car is lowered depends, 


of course, on the sudden or gradual unscrewing of the release valve. 


Important 

When the system is out of use make sure that the release valve is open 
(i.e. unscrewed in an anti-clockwise direction at least one turn). When 
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topping up ” the fluid reservoir make sure that all the jacks are full3?' 
retracted, and fill up only to the mark on the reservoir. 

Use only Jackall Fluid 

This is imperative, as almost any other fluid -w^ill have disastrous 
effects on the rubber parts of the system and a complete strip down will 
be necessary. In addition, the use of any other fluid automatically 
cancels the manufacturer’s guarantee. 

If it is desired to leave the car for some while with the weight off the 
tyres, it is advisable to jack up and then lower the axles on to suitable 
props (one or two bricks will do). Do not leave the car jaeked up longer 
than is necessary, as the pipe lines and joints are subject to considerable 
pressure when the system is in use. 

Einahy, make sure that the system is operated at least once a month. 
This will ensure that the fluid is kept in good condition and the parts well 
lubricated. No further attention should he required other than an 
occasional " top up with Jackall fluid. 

The Distributor and Pump Unit 

Tlie distributor and pump unit [see Fig. 2) consists of a special- 
alloy casting in which a double-acting plunger (A) oscillates in the 
cylinder (Al) and is ^ground to a perfect fit. It should he noted that 
no packing is used on the plunger. At the extremity of each cylinder 
there is a cyhnder end cap [B) sealed with a copper washer (Rl). A forged 
crank lever ((7), which drives the plunger to and fro, is fitted with a lever 
(D) on to which the operating handle fits. This lever is keyed on to the 
crank spindle by a special chrome-nickel steel cotter, and it should be 
borne in mind that replacement of this part with an ordinary cycle cotter 
is not satisfactory. 

Oscillation of the pump plunger alternately uncovers the ports [E), 
through which fluid is sucked from the supply tank, and sends it under 
pressure through the delivery ports. 

It will be noted that where low-pressure leakage is possible, i.e. along 
the crank-lever bearing, an effective seal is made with a moulded com- 
position gland [1)2 ) . There is no possibility of failure on the inlet side of 
the pump, provided the ports are not clogged, as there are no spring- 
loaded or other type of valves to cause trouble. 

The delivery valves are simply balls (El) controlled by square -sect ion 
gravity weights (T), which also serve to limit the travel of the ball to 
-i\ hi. 

After passing the delivery valves the fluid enters the passage ( G), and 
into this pa ssage the pressure -relief valve ( K) is introduced. As will be 
seen, this takes tlie form of a spring-loaded .J,, -in. hall which is auto- 
matically set at the correct pressure, provided the screw (A^l) is tightened 
securely, and of course comes into use only if excess pressure is generated 
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Fig . 3. — Junction boxes 

in the pump. The fluid passes through the master check valve (Jl) into 
the chamher (J). This valve is provided to ensure no return of fluid to 
the pump, and relieves the delivery valves and safety valve of any duty 
other than their normal function. 

A filter is provided in the hack -cover plate, and the fluid passes 
through this at each operation. 

In the base of the chamber (J) there are three openings, two of vhieh 
(L) serve the front and rear jacks, the third (if) providing a return for 
the fluid after use. 

The top of the ehamher (/) is sealed hy a moulded ruhher bucket 
valve through which pass three valve spindles, the conical ends of which 
serve to close the three ports in the base of the chamber. 

The centre valve ( A2), which controls the return of fluid through the 
unit, is screwed down by turning the hakehte release knob {P) which is 
moulded on to the spindle. The other two valves, (0) and (A'l), con- 
trolling flow to the jacks, are depressed by the selector (Q), the underside 
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of wMdi acts as a cam. Tims by turning the selector to the desii'ed 
position the two valves (0) and ( Yl) are pushed down or aUowed to rise, 
as the case may he. 

It will he appreciated that before operation the release valve must be 
closed, otherwise the fluid would simply circulate along the line of least 
resistance, back to the reservoir. 

To prevent turning of the release valve when in the open position, a 
hght coil spring is inserted beneath the hakelite knob (P). 

The Jacks 

Each jack is composed of an inner and outer steel tube ( Al) and ( M2). 
The outer unit is domed at one end to form a cap through -which there 
is a hole for the spring anchorage, and threaded externally at the other 
end to take the gland housing (Eig. 1) . 

The inner tube is bulged at one end to form a bearing in the outer 
tube, and threaded internally to take the foot at the other end. Inside 
the inner tube there is a very strong coil spring, anchored at one end to 
the foot and at the other to the top anchorage, which is attached to the 
outer tube. Thus it will be seen that the spring tends to keep the inner 
tube retracted into the outer tube. 

To extend the jack, fluid is forced through the top elbow fitting into 
the spring compartment, thereby causing the inner tube to move outwards. 

In the gland housing which is fitted to the end of the outer tube there 
is a moulded rubber bucket so designed as to prevent any leakage of fluid 
whatever down the outside of the inner tube. 

Special Flexible Unions 

Where it is necessary to convey fluid from the pump or the frame to 
the jacks on the car's axles there has to he provided some form of flexible 
coupling. 

For this purpose steel pipes are used in place of the normal copper 
piping, and at each end these are connected to special unions {see Eig. 3). 
On the frame a single outlet union is used, and on the axle a double -outlet 
union caters for the distribution of fluid to both jacks. 

These unions consist of die-cast housings (1) and (2), into which a pipe 
is fitted with a special bush (3) so shaped as to be gripped by a moulded 
rubber bucket washer (4), which is so designed that the pressure of the 
fluid serves to increase the effectiveness of the seal. The thrust is taken 
by a loose washer (5). On the outer end of each joint there is a rubber cap 
to prevent ingress of dirt or moisture. 

Pipe Connections 

There are two types of connection used in the pipe line, these being 
of the external- and internal-sleeve type. 

In the case of the flexible unions it will be seen from the illustration 
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DIAGI^OSrS AND TREATMEN’T OF FAULTS 
Pump 

Faults Diagnosis Treatmeyit 


(1) Pump not 

operate 


(2) Works on. one 
cylinder only 


(3) Will not retain 
pressure 


{ 4) Will not lower car 
'when release is oper- 
ated 


(5) Jacks return very 
slowly when release 
is fully open 


No fluid in reservoir. 
Loose cotter pin, blow- 
hole in casting, broken 
safety-Nalve spring, re- 
lease valve not seating, 
airlock, %’ent holes in 
reservoir cap choked. 

Travel of operating handle 
restricted on one side. 


Defective casting, faulty 
master -check valve, 

faulty release valve or 
valve seat, external 
leakage in system 


Foreign matter in release- 
valve duct, release valve 
faulty 


Operating pins (A"2) too 
tight in cap 


To ensure there is no airlock, slacken 
off either valve cap (F2) or (F3) 
above delivery valve three or four 
turns, operate pump for at leawst 
60 secs. If no fluid appears, pump 
must be dismantled and trouble 
located. 

In order to allow fluid to enter 
cylinder it is essential that a full 
stroke be given to the pomp in each 
direction. It sometimes happens 
that an adjustable seat, fitted too 
far forward, or other obstruction, 
fouls the handle and prevents this. 

Dismantle distributor box, carefully 
examine all valve seats and valves, 
removing master valve, retaining 
ring, and valve [K). If no defect 
is apparent and there is no external 
leak, casting is faulty and should 
be replaced. 

First of all lower car by unscrewing 
joints {R) or (i?l) three or four 
turns, allowing sufficient fluid to 
escape so as to enable the jacks to 
return to a fully closed position. 
Under no circumstances must 
screws {S) on indicator plate b© 
interfered with until the jacks have 
returned fully home. Remove in- 
dicator plate, remove valve unit, 
fit new valve unit, and reassemble. 
If trouble persists, pump should be 
removed, disinantled, and tho- 
roughly cleaned. Care must be 
taken that all passages and ducts 
are free. 

To reset indicator (0) adjust nuts 
(01) and (2) until the pointer is 
able to move 20*^ freely on each side 
of the “ all ” position and a slight 
resistance felt when the pointer is 
turned to (F) or (i?) . The indicator 
should be set so that little effort 
is required to move it to any desired 
position. 

Usually caused by corrosieii. Re- 
move indicator plate, remove pins, 
clean and oil thoroughly with 
castor oil, and replace. 
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DIAGNOSIS AND TREATMENT OF FAXfUJ:S~~{continued) 


Faults 


(6) Works on on© side 
of indicator bat not 
on other, or “All ” 
position 

( 7 ) Leaks at indicator 
plate 


(8) Leaks under pres - 


(9) Leaks slow drip 


Faults 


(1) Leak at hydraulic 
joints 


(2) Leaky pipe 


Pump 


Diagnosi s 


Treatment 


Defective casting or one 
faulty valve 


Defective casting or 
faulty valve bucket. 


Cylinder-end cap (B) or 
other caps loose (F'2), 
{F3), 


Cover-plate serevrs loose, 
or faulty gasket 


Remove valve bucket {N) and ex- 
amine valve seats and valves care- 
fully. Replace bucket if necessary. 
If fault persists, casting is faulty. 

Remove valve bucket (TV), examine 
for puncture, replace bucket if 
necessary. If fault persists, cast- 
ing is faulty. 

Without removing unit from chassis, 
go over all plugs with spanner to 
ensure tightness, wipe box tho- 
roughly. If leak persists, a new 
copper washer -will probably effect 
a cure, wipe thoroughly, then 
operate all four jacks, pumping ten 
or twelve strokes against safety- 
valve, then examine the various 
plugs. 

Remove unit from chassis and tighten 
screws thoroughly, do not disturb 
cover plate unless absolutely neces- 
sary. If cover plat© is removed, a 
ne-w -washer must be used, all faces 
thoroughly cleaned, and Seccotine, 
Croid, or similar adhesive used on 
both sides of washer. 


Flexible Hydeaulic Coupling 


Diagnosis 


Treatment 


Plug on double outlet | Tighten plug, fit new copper washer 
loose, or faulty copper i if necessary, examine rubber bucket, 
washer, fault in casting. If leak appears through rubber dust 
faulty rubber buckets, cap, brazing is faulty, 
faulty brazing 

Split or damaged extern - , Must be replaced by pipe, complete 
ally with end bushes, cover plate, and 

rubber dust cap. 
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DIAGNOSIS AOT) TREATMENT OF FAULTS— (coii^nua/) 

Jacks 


Faults Diagnosis Treatment 

(1) Failing to return If either pair or all jacks Hemove jack, first turning indicator 

after us© fail to return, fault is on distributor box to opposite side. 

due to defective valve G-rip in vice (using shaped hard- 
in distributor box or wood, blocks), remove elbow. Ke- 

choked pipe. If one move bottom cap ; ram can then 

jack fails to return, be -withdrawn. Bemove spring 

broken spring, bent or anchor pin, grip ram in vice (again 

distorted ram losing shaped blocks), remove foot 

to 'which spring is attached. Cheek 
ram for straightness or distortion, 
check spring. When reaissembling, 
new copper washers should be used. 

(2) Leak at foot Faulty copper 'washer or Remove jack. Without dismantling, 

foot loose ram can be pulled out and gripp^ 

in shaped blocks for retightening. 

(3) Leaks at screwed Faulty copper washer or Remove jack, grip in blocks, retighten 

part of bottom cap loose if leak persists, jack should be 

dismantled and new copper washer 
fitted. Great car© must be taken 
to prevent cap being distorted by 
undue force when reassembling. 

(4) Leak at elbow Elbow loose or faulty cop- ; Without removing jack from bracket, 

per washer ! remove union nut, remove elbow 

and examine copper 'washer and 
replace if necessary, ease off bracket 
to enable elbow to be turned into 
line with pipe, and retighten. 

(5) Leak past gland Faulty rubber bucket. Dismantle jack, prise out bucket with 

Bottom cap damaged blunt tool, examine for faults, 

or distorted, “ swarf ” exanaine inside of annular groove 

or other foreign matter for dents or distortion. Bucket 

lodged between bucket housing or bucket to be changed if 

and ram ilistorted or faulty in. any way. 

that the deliyery ends have a conical face and are threaded externally. 
In this type of connection the copper pipe must he belled out to go orer 
the conical face and the external sleeve then tightens the copper on to its 
seating. 

The internal type of sleeve as used elsewhere in the system and illus- 
trated in Fig. 1 against letter (R) employs an olive to grip the pipe. 
When the sleeve is tightened into its housing the olive ” (a brass ring 
with double conical face) bites into the copiper pipe and effects a perfect 
seal. 

3oth types of joint may be used many times without renewing. 
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DISMANTLING 

Distributor and Pinup Unit 

If the unit is to be removed, disconnect stipply pipe from tank and 
plug or drain into suitable receptacle. See that jacks are fully retracted. 

The valve bucket (01) may be removed witkout loss of fluid, but take 
care to cover valve chamber so as to prevent entry of dirt. 

Carefully filter all fluid reintroduced into the supply tank. 

After assembly tke system may be “ bled by slacking off one of the 
jack connections until fluid is forced through. 

Jacks 

See that jacks are fully retracted and selector pointing to opposite 
pair of jacks. 

Plug pipe ends to prevent entry of dirt. Do not vasb. jacks with, 
petrol or bring into contact with mineral oil. Methylated spirits may he 
used for cleaning, after which moving parts should be smeared witb 
lackall fluid. 



REPAIRING LUCAS HORNS 

Sy B. T. LAWSOU HBLKE 

E LECTRICALLY-OPERATED horns fitted to road vehicles may l>e 
classed in tvo groups, the largest of which includes all those having 
a thin metallic diaphragm as the sound-producing element. The 
remainder are reed-operated, air pressure being maintained by an elec- 
trical compressor. 

Among the diaphragm horns, the original low-frequency pattern is 
now obsolete and seldom encountered, but the high-frequency design is 
almost universally employed. The ruling principle of this type is the 
rigid coupling of the diap^agm and magnet plate, or armature, and this, 
in conjunction with the contact-breater setting, enables the characteristic 
penetrating note to be produced. Tig. 1 illustrates the operating prin- 
ciples of a high-frequency horn. 


ADJUSTING 

SCREW INSULATED 



JHg. 1. — Illdsthatin^g principles op high-frequency horn 
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Construction and Operation of High-frequency Horn 

The hollo\red iron core, on which the coil is fitted, is, along with the 
iron armature, of laminated construction. Thin stampings of the 
required shape are assembled by riveting together in packs, while a film 
of insulating varnish between adjacent stampings insulates surface 
contact. Eddy currents generated in the iron are thus reduced to a 
minimum, and heat losses wEich might result therefrom axe reduced 
accordingly. The magnetic lag which would result from the use of a 
solid iron construction is largely eliminated, and the rapid rise and col- 
lapse of flux, essential to correct functioning, is greatly facilitated hy this 
method. 

The Diaphiagm 

The diaphiagm is a specially heat-treated and tempered steel pressing, 
its edge being clamped between the body and rim of the horn by screws. 
Paper gaskets on each side ensure a degree of elasticity in mounting. 

The centre of the diaphragm has a screwed boss to which the driving 
rod is secured. A slotted conical nut, with locknut, is fitted to some 
models for adjusting the position or relative length of the rod. The rod 
passes through the hollowed core and is rigidly secured to the armature, 
which is suspended by a light flat spring, so that a small air gap separates 
its inner surface from the surface of the core. 

A contact-breaker, comprising a spring blade with contact tip hearing 
against the fixed contact tip in the bracket, is fixed so that a striker bends 
the blade and separates the contacts wEen the magnet assembly is 
energised by the solenoid and attracts the armature towards it. The 
speed at which the moving section, including armature, driving rod, and 
diaphragm, vibrate is governed by the natural frequency of the diaphragm 
according to its diameter, thickness, and flexibility. 

A circular plate fitted outside the diaphragm, and free to move with it, 
also exerts a considerable influence on frequency. Known as a piston 
plate,” this disc acts as a buffer or frequency stabiliser in that it meets 
a cushion of air on each inward and outward stroke. Its mass introduces 
a certain inertia which is further instrumental in this respect . Electrical 
characteristics are improved and sparking reduced by the damping effect 
of a resistance vdnding or condenser connected across contacts. 

The contact-breaker and winding are in series, and must be fully 
insulated from the horn body and from each other. 

Air-gap Adjustment 

Two adjustments are incorporated. One is the air-gap or length of 
driving rod, usually effected by a screw in the diaphragm boss. This is 
set by the makers to allow the maximum efficient amplitude of vibration 
with a minimum air-gap and should not be disturbed. 
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MELLOTONE 



Contact-gap Adjustment 

Tlie second is the contact-gap, or rather, the degree of iii'w-ard mo^e- 
rnent of armature toA\^ards core before contacts separate. In Lucas 
Model H.L. 722, Altette, and similar horns, an exterior screw-liead 
locking serrations is prorided for altering this adjustment, the best 
position being found hy trial. 

Cracked Diaphragm 

If the horn will not respond to adjustment and giyes only a reedy or 
rattling note at best, the diaphragm may be cracked. 


Shorted Contacts and Earthed Winding 

A single “ clack ” on making contact indicates armature strik- 
ing magnet-pole face, and if this is not corrected by turning the screw 
clockwise, the probable canse is shorted contacts or earthed winding. 

Open Circuit in the Horn 

Open circuit in the horn may be due to faulty adjustment, or to a 
break in winding or terminal connections. 
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Mounting the Horn 

The note of a high-frequency hom is inflnenLced to some degree by the 
mounting bracket. Various designs are in. use, including leaf-spring 
attachment, rubber busMng, or suspension, and solid two -point attacli- 
ment. The bracket should be securely £xed, and the Korn body must not 
bear against surrounding metal or cables. The latter should haye 
enough free length to allow a certain amount of body movement without 
tension. 

Wind-tone Horn 

A modern deyelopment of high-frequency practice is the wind-tone 
horn, in which diaphragm movement is tuned to correspond to the 
natural frequency of the air column in the trumpet. When correctly 
adjusted, the note approximates to that of an efficient reed horn, the air 
vibration being directly generated by the diaphragm. Construction is 
largely similar in design, but adjustment is critical and must be carefully 
executed. 

Twin-horn Sets 

In both Mellotone and Post Horn sets, a pair of specially tuned horns, 
producing harmonic note combinations, is operated, through a relay 
switch in the case of the Mellotone, and direct via push in the Post Horn 
set. The horn mechanism is enclosed by a dome, secured by a central 
screw, removal of which gives access to contact-breaker and adjustment. 

The Mellotone Horn Set 

In the Mellotone horn set the choice of a loud or soft tone is provided 
by the relay unit and two-way switch or button. Eig. 2 is a circuit 
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diagram of the Mellotone layout. Two relay solenoids are fitted on a 
moulded base, together with terminals and fuse. When the button or 
switch-button combination is closed in lotid ’’ position, the operating 
solenoid is energised and contacts meet, when full-yoltage is applied to 
the horns. The resistance solenoid, contacts of which remain closed, is 
not energised, and its contacts bridge the resistance. When the circuit 
is closed in “ soft ” position, both solenoids operate, the operating unit 
closing main circuit to horns, while the resistance unit opens its contacts 
and, the resistance then being in circuit, yoltage on horns is reduced and 
a soft note results. Each solenoid carries two windings, one pair supple- 
menting and the other pair opposing each other. 

Eig. 3 shows the internal circuits of the Mellotone control box, and 
operation is as foDows : 

When a circuit to earth is established from terminal {L), via push or 
switch-push combination, current flows from fuse to windings (2) and (4) 
in series, to terminal (L) and thence to earth. 

Both relays ( A) and (B) are momentarily energised, but immediately 
relay (A) doses, contacts {GA) meet, and current flows thence bo wind- 
ing (3) and terminal {E) to earth. The flux of winding (3) opposes and 
cancels out the flux of winding (2), so that relay {£) remains closed. 
Current therefore passes from contacts (CA) to contacts (OB), via 
frame of relay {JB) to terminal {H) and cables to horns, giving “ loud” 
note. 

If the soft ” button is pressed, current flows from fuse to frame of 
relay (A), winding (1), and (S) terminal to earth. Contacts (CA) 
close and current flows to winding (3) and terminal (B) — earth. Relay 
(B) is energised, contacts (CB) are drawn apart, when the resistance (J?) 
is inserted in the feed circuit to the horns, producing a soft ’’note. 

The design of wind-tone horns necessitates the provision of a trumpet 
of correct length and shape. The reason underlying this is that the 
natural frequency of the air column contained in the trumpet must cor- 
respond to that of the moving system, comprising diaphragm and arma- 
ture plate. The characteristic tone of the horn depends on this factor. 
In units of the ''post horn ” type, where a short flare is fitted, the neces- 
sary exponential column length is obtained hy a spiral passage formed in 
the base. 

This method is applied in later type Mellotone sets, replacing earlier 
designs with straight trumpets. 

SERVICE INFORMATION 

Horn Circuit 

Single horns and twin sets operated direct through the button may be 
connected to a fuse fed via ignition switch or fed direct from ammeter, 
according to the year and model of car. 
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Short to Earth 

The button is in the earth side of the circuit, so that a short to earth 
in any part of this section will result in constant horn sounding until fuse 
is withdrawn or ignition switched off. 

Blown Fuse 

A short in the feed section to the horn will blow the fuse. The cir- 
cuits of the horn itseK must be insulated from earth, as each terminal has 
the same effects in the case of a fault as the section to which it is connected. 
It is immaterial to which terminals the wires are connected, but insulation 
is important. 

Position of Horn 

Special attention is advisable where the horn occupies a position 
exposed to rain. When new horns with flares are to be fitted, the trum- 
pets should be horizontal or inclined slightly downwards so that water 
cannot collect in them. 

Connections 

In some models the cable connections are made by small ferrules 
soldered to the cable ends and inserted into spring clips. The soldered 
joints in these ferrules should he checked, as also the joints made in any 
rubber-sleeved push-iii connectors in the wiring. 

Use of Horn Relay 

One of the main objects of the relay box is to shorten the main circuit 
to the horns and thereby avoid voltage drop. The button and wiring 
from relay box — including that passing through the steering column 
section — only carries the small relay winding current, the main circuit via 
the contacts being direct. Mellotone horns must not be wired other than 
through the proper control box, and it is advisable to fit a relay unit with 
any twin set unless this is definitely unnecessary, as in the case of horns 
with small current consumption. 

Adjusting Contact-breaker 

Adjustment of contact-breaker unit is usually provided for by a screw 
with locknut. It is essential to securely lock the screw, as vibration is 
liable to slacken it. Vibration also affects brackets and mountings. 

Wherever possible, only the brackets provided with the horns should 
be used in fitting, but if special mountings have to be made they should 
be amply rigid aiiel should ])e designed to KSii])port the horn against the 
vibrational stresses im])()scd in any one direction by the balance of weight . 
As mentioned earlier, the liorn must be clear of obstructions or contact 
with the mass of the vehicle other than through the bracket. 
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This applies in particular to fitment under the bonnet, when contact 
with the bonnet when closed, or the moYement of the engine in rubber 
mountings, must he reckoned Avith. 

Electricall-y Operated Reed Horn 

The Lucas -Spartan Bugle-Chime horn is an interesting example of 
the electrically operated reed horn. A small motor drives a fiying-Yane 
air compressor, the air from which is fed via valves to three separate reed- 
diaphragm trumpets tuned to a musical chord. The motor also drives, 
through reduction gearing, a camshaft with three cams which open the 
valves to the trumpets in sequence, resulting in a repeated bugle-call. A 
relay device ensures that the unit continues running until the call is com- 
pleted, even though the button is released prematurely. A two-way switch 
is provided which operates a solenoid in addition to the motor, the solenoid, 
when energised, holding down all three valves so that a chord is sounded. 

Wiling up Additional Horn 

It should he remembered when fitting special or additional horns that 
it is unwise to disconnect the existing button in favour of a special button 
which may be necessary, as the driver will probably have formed a habit 
of unconsciously using the old button and will do so in emergency. It is 
usually practicable to wire a change-over switch through the existing 
button, or, where a new control — such as a Mellotone two-way button — 
is fitted, the old horn control should he left complete. 

Hints on Tracing Faults 

Amongst points worth noting in tracing faults in horns and circuits, 
the following should be observed : 

Loss of volts due to the resistance of oxidised push contacts, defective 
wiring or connections, or a weak battery may be a misleading factor. 
Avoid disturbing the horn adjustment until proved necessary by a test 
on an independent circuit. 

The best check on circiiit conditions is to connect an accurate voltmeter 
to the horn terminals, noting the reading when the horn is sounded. Com- 
plaints of a strident, ill- tuned note have been found to arise from the basic 
cause of a maladjusted regulator, which overcharged the battery and conse- 
quently boosted its voltage to an abnormal value . Modern H.F.-type horns 
are sensitive to voltage variation, and a check on this is always advisable. 

Twin horns, operated through a relay, should be wired direct from 
the battery terminal of the starter switch, or other convenient main 
terminal. Most relay units incorporate a fuse, failing which a separate 
fuse-holder should be fitted. 

Where twin horns are wired direct to the battery voltage supply, it 
is advisable to see that auxiliary fuses are not overloaded. The horns 
can be wired to separate auxiliary fuses in order to divide the additional 
load, using a common push-button and return wiring, provided that the 
two fuses are supplied from a common battery point. 



COAL GAS AS SUBSTITUTE FOR 
PETROL 

By C. R. B. Smith 

C OAL gas was used fairly extensively during the last war, mainly 
on commercial vehicles and hackney-carriages. 

The method used was of the “ low-pressure ” variety, and con- 
sisted of a fabric envelope, usually carried on the roof of the vehicle, 
w^hich contained the gas. The main objections to this method are the 
offering of extra wind resistance by the large envelope on top of the 
vehicle and the limited operational radius of the gas which can be con- 
veniently carried. The former can, of course, he overcome by the usage 
of a trailer to carry the gas envelope, but the latter objection still remains. 

As a rough guide, approximately 12 cu. ft. of coal gas at between 450 
and 550 B.Th.U.s per cubic foot should be reckoned per mile. This, of 
course, being for, say, a 12-h.p. engine, and will vary accordingly. 

The other, and better method, is the usage of “high-pressure ” gas 
stored in steel cylinders, but this will be dealt with later on in this article. 

LOW-PRESSURE GAS SUPPLY 

Mixture Control 

In this case, a simple type of suction -operated valve can be used to 
control the gas supply, the flow of main air causing the valve to lift and 
admit gas. The mixture strength can be governed by using a taper 
needle, the taper characteristic controlling the mixture strength at any 
given throttle opening. 

All alternative system is to govern the mixture strength by means of 
an air shutter or butterfly valve on the air intake. This mixing valve, 
when in a state of rest, cuts off the gas supply from the container. 

It is usually necessary to have a separate gas supply, viz. an adjust- 
able cock or tap for the slow-running system, as the volume of air used is 
not sutticieiit to operate the main gas valve. This “ idling” or by-pass 
gas sup])ly can witli advantage be led adjacent to the dashboard of the 
vehicle, so that the slow -running supply can be regulated from the driving 
seat, and, of course, should be turned off when the engine is switched off. 

Feed from Gas Container 

The feed pipe from the gas container to the “ mixer ” should be kept 
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as large as possible, to ensure- an immediate response in flow when occasion 
arises. 

By-pass Adjustment for Slow-running 

The by-pass adjustment for the slow running previously referred to 
shonld he marked so that the correct adjustment can be immediately 
arrived at, or, better still, a master tap should be fitted in addition to the 
adjustment, so that the idling supply can he turned off without upsetting 
the final adjustment. 

Starting the Engine 

When starting the engine, after having opened the idling gas supply, 
the accelerator pedal should not he depressed in any way until the engine 
has fired, as this will lead to an over-rich mixture being admitted, which 
will retard starting. 

Proportion of Air to Coal Gas 

The correct proportion of air to coal gas for proper combustion is in 
the neighbourhood of seven volumes of air to one of coal gas for maximum 
power, and as lean as ten volumes of air to one of coal gas for maximum 
economy. 

Power Obtained on Coal Gas 

The power obtained on coal gas may vary between 60 and 80 per cent, 
of that obtained on petrol, varying with the individual engine design. 
Any “ hot-spots ” in the induction system, for instance, result in a lower 
volumetric efficiency, with a corresponding decrease in power. 

HIGH-PRESSURE GAS SUPPLY 

Mileage Obtainable 

With this layout a much larger operational radius can be obtained, as 
the gas is stored in steel cylinders which can be charged to a jmessiire of 
3,000 lb. per square inch, resulting in a large volume of gas being stored 
in a small space. The average size of cylinder charged at this pressure 
holds about 300 cu. ft. of gas, so that this means about 25 miles, roughly 
speaking. It will thus he seen that with eight of these cylinders stored 
either under the body, in the case of a lorry, or in a trailer on a private- 
car, the mileage possible is appreciable. 

Pressure-reducing Valve 

A high-pressure reducing valve must be used, which breaks down the 
3,000 lb. per square inch to atmospheric, cither in one or two stages, the 
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The Aivilx fiame teap 


volume flow fleing, of course, controlled iDy engine suction. The reducing 
valve, in the case of one, or tlie fijial valve in the case of two, should he 
suction-operated, so that any leakage of gas is prevented when the engine 
is not running. 

Mixer far High-pressure Gas 

A representative type of mixer for high-pressure gas consists of a gas 
inlet from the reducing valve in which is situated a flame trap (this will 
he described later), and then via a plate orifice to slots in the choke tube. 
The gas then mixes with air passing through the choke tube, and the final 
volume of mixture is controlled hy a butterfly valve. The amount of gas 
passed to the slots in the choke is governed hy the plate orifice. 

Again, in the case of high-pressure gas, the slow-running arrangements 
are as for low-pressure "gas, and consequently a by-pass must be fixed up 
from the reducing valve to supply the idling mixture, as previously ex- 
plained. The necessary variations in mixture strength are obtained by 
combinations of choke tube and plate orifice, regulating air and gas supply 
respectively. 

Safeguarding against Fire Risk due to Blow-back Flame 

Reference has been made to the usage of a flame trap ” or ‘‘ flame 
arrester in the gas-supply line ; and this is to safeguard against fire 
risks due to blow-back flame. A well-known example of this is the Amal 
flame trap, wliich consists of an alternate ])laiii and crimped ribbon of thin 
metal wound from a central ])in into a circular “ tra]:> ” of any required 
diameter. This gives a unit which lias a depth of | in., and, due to the 
crinqied formation, offers a large cooling area to a flame attempting to 
pass through, in relation to its frontal area. As a result, the flame is 
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defi-Eitety damped out before reaching the other side of the trap, while 
at the same time resistance to air flow is negligible. 

The importance of incorporating one of these flame traps somewhere 
in the ga.s-supplj pipe line will be appreciated. 

Fitting a Flame Trap 

When considering the fitting of a flame trap the required flow of gas 
at full throttle should be known in cubic feet per hour ; then, if this 
figure is given to the fiame-txap manufacturers, they can supply a trap 
which will offer the minimum resistance to flow, with the maximum 
efficiency as a flame trap. 


ADJUSTING ENGINE FOR RUNNING ON COAL CAS 

Now a few words about possible engine adjustments to suit gas as a 
fuel. It would seem that in most cases a slight power increase can be 
obtained by somewhat increasing the compression ratio , although this to 
a large degree depends on the shape of the combustion head and must, 
therefore, be a question of trial and error. 

Advance Ignition Timing 

A beneficial effect is usually obtained hy advancing the ignition timing 
over that used on the petrol setting. To facilitate this, in view of most 
modern cars being fitted with automatic ignition advance, it helps to fit 
up a hand- controlled ignition advance. The conversion is not difficult, 
being a slight modification to the distributor- head bracket, and the usage 
of a push-pull control of normal design. By this means the ignition tim- 
ing can be varied at will from the dashboard, and a lot of useful data can 
be obtained during initial tests. 

Decrease Spark Gaps 

It will be found that the spark-plug gaps can be materiall 7 decreased 
with advantage. As a matter of fact, on one particular test it was found 
that -OOS-in. gaps on a coil-ignition 12-h.p. car gave very excellent 
results, as regards both maximum ])ower and doing away witli a tendency 
to pop back at lower throttle openings. 

Tuning for Correct Mixture Strength 

It will be found during tuning tests that variation in mixture strength 
does not seem to have as noticeable an effect with gas as it does with petrol 
fuel. Consequently, an exhaust -gas analysis tester saves a lot of time, 
and one of the well-known portable instruments, such as the Cambridge 
exhaust -gas tester, will show during running the COg content in the ex- 
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hanst gases. This should, af course, be kept as low as possible to obtain 
economical running. 

Driving for Economy 

While on the subject of economical running, it is as well to mention 
that a quite improved mileage can be obtained during a run by maintain- 
ing a fairly constant throttle opening and not “ joggling ” the accelerator 
pedal, as is often done normally on petrol vehicles. Also, due to the 
initial acceleration not being so good as on petrol fuel, it is only a fuel 
waster to open the throttle fully when starting off or going through the 
gears. Attention to these two points will save gas to no small extent. 

Pressure of Gas 

Reyerting back to the subject of low-pressure gas bags, it is as well to 
remember that a small increment of pressure from that of the normal gas 
mains, i.e. 6-in. water gauge to, say, 3 Ih. per square inch, does not result 
in a big increase in the volume of stored gas. Taking a fair-sized gas bag 
of 75 cu. ft. charged at 6-in. water gauge, this would increase in storage 
volume only approximately 20 per cent, when charged at 3 lb. per square 
inch pressure. This would mean only about another 15 cu. ft. being 
carried, which would mean, perhaps, another IJ miles farther to run. 
So it will be appreciated why the storage pressure needs to be around 
the 3,000 lb. per square inch mark to give a reasonable range of operation. 

Fitting the Mixer 

In conclusion, the usual mixer is fitted on the induction manifold in 
place of the petrol carburettor, which is removed, hut an alternative 
method could be used where the mixer is fitted to the air intake of the 
carburettor, thus leaving the latter in situ for emergency use. The 
butterfly throttle valve of the petrol carburettor would have to be held 
open, and also the metering piston in the case of an S.TJ. carburettor. 

The fuel supply would have to be disconnected either by tap, or by 
removing the lead in the case of an electric pump. 

These few details would not be a long job, and in any case would no 
doubt warrant being done by virtue of giving an alternative method of 
carburating the vehicle in the event of running out of gas or of mechanical 
trouble with the pressure valves, although the latter have been proved to 
he most trustworthy and efficient in service. 



SYSTEMATIC BATTERY AND STARTER 

TESTING 

By S. G. MUNDY, A.M.I.E.E., A.M.I,A.E., M.I.M.T. 

I N making a,ll electrical tests on the ear it is necessary to carry out 
the work systematically, eliminating one possible fault after the other. 
This article describes an easy and systematic way of analysing the 
condition of the battery and starter. 

1. Specific Gravity and Battery Inspection 

Remote the battery vent plugs and measure the specific gravity of 
all cells, using a good syphon hydrometer. All cells should show similar 
readings. 

A reading of 1*200 or less indicates that the battery is low in charge ; 
readings from 1*200 to 1*230 indicate a normal battery condition, and 
readings of 1*280 or over indicate that the battery is fully charged, or 
possibly being overcharged. 

If the battery is old and has a low gravity reading, it may be approach- 
ing the end of its useful life, irrespective of charging rate ; this applies 
particularly under winter-driving conditions. 

If the electrolyte is low, fill with, distilled water to slightly above the 
level of the plates. When making a further specific-gravity test after the 
addition of distilled water, allow' a short time to elapse for the water and 
acid to mix. 

If it is found that there is rapid evaporation of the electrolyte, this 
may be due to overcharging — check the charging rate. If it is found 
that the electrolyte is low^ in one cell only, check for a cracked case or a 
partially short-circuited cell. 

At the same time as the specific-gravity^ test is made, the battery 
should he carefully inspected. Use an inspection lamp if necessary. 
Carefully check the condition of the battery terminals and battery toj) 
for any evidence of electrolyte leaking around the posts or connections 
or through cracked sealing compound. Make certain that the battery is 
securely clamped in its carrier. If necessary, make a record of any unusual 
conditions found. 

2. Battery Open-circuit Voltage 

Connect a reliable moving-coil voltmeter across the battery terminals, 
or from a ‘‘live” battery terminal to “earth,"’ and note the voltage 
reading. 
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Tor the complete battery the readings should he : 

G-volt battery . . . 6 to 6*6 yolts. 

12'Tolt battery . . . 12 to 13-2 volts. 

Readings of individual cells should be : 

Not less than 2 to 2-2 volts per cell. 

If the reading is at the rate of 1-8 and less than 2 volts per cell, it indicates 
that the battery is low and should be charged. A reading less than 
1-8 volts per cell suggests that the battery probably needs repair or 
replacement. 

3. Testing Battery Voltage under Starter Load 

This is an important test, because it checks the condition of the 
battery and its ability to supply the current demand of the starter. The 
voltmeter connections are as for test No. 2, but it is convenient also to 
insert an ammeter between the starter and the battery. This can be 
done by removing the connection to the battery “ live ” terminal, 
connecting the cable to one ammeter terminal, and the remaining ammeter 
terminal to the “ live ’’-battery post. 

The starter switch should now be operated, and the voltage reading 
noted on the voltmeter. If an ammeter has been connected, also note 
the ammeter reading. The voltage reading of the complete battery 
should not be less than 4| /5 volts for a 6-volt battery, and 9 to 10 volts 
for a 12-volt battery. If the reading is lower, or if it drops away rapidly, 
the battery should be removed for inspection. 

The ammeter reading will show^ the current consumption. The value 
of current will depend upon the type, size, and voltage of the starter. It 
is not possible to give definite data of specific readings, as these vary 
according to circumstances, hut data are available from manufacturers 
w^hieh will give an approximate indication. A more accurate check of 
the starter condition can, however, be obtained from a lock torque test, 
described later. 

4. Checking Battery Cables and Connections 

Troubles are frequently due to loose, dirty, or corroded connections 
or faulty battery cables. Pirst, check for corroded or loose connections 
at the battery terminals, including the battery earth connection. At 
the same time chec*k the cable Avhich connects the engine to the chassis 
on I'll fiber -mounted engines. Also inspect battery sealing compound, 
see that the ventilation holes in filler xihigs are clear, that plug w^ashers 
are fitted, and the to]) of the battery is dry. 

The battery can he cleaned if necessary with soda or ammonia, 
‘'Vaseline ” being applied to the connections, which, if required, should 
be re-inarked for polarity wdth red and black anti -sulphuric enamel, 
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Haw to Check the Battery Cables and Connections 

If required, the Battery cables and connections can be checked with 
a voltmeter, as fallows : 

{a) Connect one voltmeter lead to the large starter terminal, and the 
other voltmeter lead to a cylinder -head nut. The voltage reading should 
be 6 volts or 12 volts or higher. With the starter operating, the minimum 
reading should be appiorimately 3-6 volts for a 6-volt system, or 7*2 volts 
for a 12-volt system. If the readings are above these ignres and the 
battery terminals are clean and in good condition, no further check should 
be necessary. If, however, the voltmeter readings are below the above 
figures, a further check should Be made, as follows : 

A Check for High-resistance Connection. 

(b) Connect one voltmeter lead to the large starter terminal and the 
other voltmeter lead to the “live” Battery post, i.e. the battery post 
which is not earthed. Operate the starter and cheek the voltage reading, 
which should not be less than 0*4 t volt for a 6-volt system, or 0'2 volt for 
a 12 -volt system. If the voltmeter reading is higher, this indicates that 
the starter-to-Battery cable is too small, or that there is a high -resistance 
connection. 

Checking the Battery Earthing Connection 

(c) The battery earth connection often causes considerable trouble, 
and if the previous battery tests have not shown a satisfactory condition 
the earth cable should be checked, as follows : 

Connect one voltmeter lead to the starter frame a-nd the other volt- 
meter lead to the “live” battery post. Operate the starter with the 
engine in gear ; the voltage readings should be less than 0*4 volt for a 
6-volt system, or 0-2 volt for a 12- volt system. If the readings are 
higher than these figures, check for corrosion or hard oxide coating on 
the lead surface of the battery terminals or connectors ; also check for 
rust or paint or a loose connection at the battery cable earthing terminal. 
The trouble is sometimes due bo undersized battery earth replacement 
cables which may have been fitted, and if the trouble is elusive this point 
should be checked. 

Is the Size of Earthing Cable Sufficient ? 

Method of checking the size of the earthing cable is as follows : 

(1) Connect one voltmeter lead to the battery post which is earthed, 
and the other voltmeter lead to the battery earth connector. Operate 
the starter, when the full ammeter reading should be less than 0-4 volts 
for a 6-volt system, or 0-2 volt for a 12-volb system. 

(2) Move the voltmeter lead from the battery earth connection, and, 
using a prod, insert into the earth cable. 
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Repeat the above test with starter operating, when the voltage reading 
should be as above. 

(3) Move the voltmeter test lead to the clamping bolt at the battery 
earth connection and repeat the test, when the readings should be as 
above. 

(4) Finally, move the test lead to the car frame and again repeat the 
test. The same readings should he obtained. 

The foregoing tests carried out systematically represent an exhaustive 
analysis of the condition of the battery on the car. Further tests may 
be required in the case of batteries removed, and these tests may, in the 
case of elusive troubles, include a cadmium test. Full information of 
cadmium testing is given in a subsequent article. 

5. Testing Starter 

The most satisfactory method of testing starters on the car is to carry 
out two standard tests, namely, a free cranking test and a lock torque test. 

Before making either of these tests, however, remove the cover band 
of the starter, see that all the brushes are in good condition, that the spring 
tension is correct, commutator is clean and bright, and that there is no 
evidence of under- or over-lubrication, or any excess of copper dust or 
accumulation of dirt. 

6. Starter Free Cranking Test 

Connect one voltmeter test lead to the starter terminal and the other 
voltmeter lead to a cylinder-head nut. The voltage reading should be 
not less than 6 volts or 12 volts. With the gear lever in neutral and the 
ignition switch off, operate the starter. With normal specific gravity 
the readings should not be less than 4*5 volts fox a 6-volt system, or 
9 volts for a 12-volt system, providing the engine is warm, in good condi- 
tion, and the oil is of the correct grade. The engine should turn at about 
150 r.p.m. 

7. Starter Lock Torque Test 

This test is advisable if a further check of starter or battery is required. 
The gear lever should he in the top-gear position. Operate the starter 
momentarily with ignition switch off, and note the voltage with the 
starter turning. This should be not less than 3 --5-4 volts for a 6-volt 
battery, or 7-8 volts for a 12- volt battery. The current consumption 
should be measured by connecting an ammeter in series between the 
starter and battery, as previously described, but if the voltage reading is 
below the above figures the cells should be individually checked. The 
voltage reading per cell should be not less than 1-2 volts, and all cells 
should be uniform. When the starter is released the voltage should rise 
to 2 volts per cell. Any lower readings indicate a defective or discharged 
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cell. An abnormal current demand, as indicated on the ammeter, 
indicates a defect in the starter, which should be removed for shop tests 
and service. 

In making the lock torque test, see that each application of the starter 
is as short as possible, in order to conserve the battery charge. 

The Importance of Battery Cables 

Most service men are not usually familiar with the size of battery 
cables used with ordinary equipment, and there is the risk in service of 
using battery cables inadequate in current-carrying capacity , 

It is most important that cable of the correct capacity should be used, 
in order to avoid a voltage drop, which will result in difficulty in starting 
the engine except under the most favourable conditions. If the cable 
used is too small, resistance is set up which impedes the iow of current 
to the starter motor. 

This motor is a series -wound machine ; its operation is governed by 
two conditions : (1) the amount of current, and (2) the voltage. The 
amount of current directly determines the torque or turning effort 
developed by the starter motor. The voltage directly determines the 
speed of the motor. It is, therefore, essential to deliver current of the 
maximum value and with the least possible loss in voltage in order to 
ensure rapid starting. 

Another factor of under- capacity battery cable, with its resulting 
voltage drop, is also that the voltage at the time of starting will he low 
for ignition, because the primary ignition current is usually taken from a 
connection at the starting switch. 

Poor connections will also promote difficult starting, particularly un- 
satisfactory earth connections. When trouble is experienced in starting, 
especially in cold weather, and all conditions which affect the problem 
have been treated, it is always as well to examine the starter cables. 
A check should he made for cable capacity, and should also include 
a check of the battery-to-starting-switch connection, battery-to-earth 
connection, starter-switch-to-starter connection, and the connection from 
the engine earth on rubber- mounted engines. 

Why Battery Cables need Replacement 

Battery cables are subject to occasional replacement, since there are 
several agents constantly striving to deteriorate the cable. The most 
active is acid. Acid will go from the battery during gassing whilst charg- 
ing, by spilling, or may be carried out over the top of the battery by 
capillary action. It gets on to the battery post and battery terminal, 
on to the insulation and into the rubber, causing a corrosive effect which 
gradually eats away the terminal, the insulation, and even the rubber 
core. This possibility is protected against, by the manufacturer, by lead- 
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coating the battery terminals, terminal bolts and nxits, but this lead 
coating may become worn away. 

Corrosion is visible upon inspection and may be minimised if frequent 
inspection is made, and any surface acid removed by w^ashing the top of 
the battery with an alkaline solution. A suitable solution is water and 
baking soda, w^ashing-soda, or ammonia. All corrosion should be scraped 
from the battery posts, connections should be made clean and tight, and 
a coating of “ Vaseline ” apphed. 

Another very troublesome symptom of corroded battery terminals is 
high voltage, the importance of which is dealt with elsewhere. 

Correcting Defective Battery Connections 

Many service men will cut the battery cable off short, strip the insula- 
tion a short distance, and fit a new terminal to a short cable. This is not 
good practice ; it shortens the length of the cable, which is probably none 
too long, and imposes a greater strain on the battery post. The result 
may be loosening of the post, causing much more damage than the cost 
of a new cable. Also, the job is often inconvenient, requires considerable 
time, and does not save any worth-while amount of money over the fitting 
of a new cable. It pays to put quality j&rst and supply a new cable, giving 
the car owner a better job and earning a reasonable profit.. 

Another frequent cause of battery-cable deterioration is abrasion, 
caused by the insulation being rubbed through where it comes in contact 
with the frame. This causes a short-circuit, resulting in a run-down 
battery and possibly a great deal of damage to the electrical system of 
the car. It is not good practice to repair abrasion by wrapping the cable 
with tape. This is only temporary, and cannot last so long as the insula- 
tion on the original cable. It pays to fit a new cable. 

One other cause of trouble sometimes experienced is terminals becom- 
ing loose from the core. This indicates that the terminals were not pro- 
perly fixed in the original assembly. The condition is hard to detect, 
due to the fact that in outward appearance the cable looks O.K. It is, 
however, a point to check, and the best test is with a voltmeter. 



SUCTION-OPERATED WINDSCREEN 
WIPERS 

By JOHN L. P. PINKNEY, M.S.A.E.E. 

T hebe are three or four different makes of these windscreen wipers, 
all working on the same principle. They differ only in their size 
and shape. 

Principle of Operation 

A Tery similar method of working to that of a steam-engine is applied 
hut, instead of pressure being employed to force the piston backward 
and forward, suction is used. This suction is obtained from the inlet 
manifold and, in some cases, from the suction side of the Autovac. 

A slide-Talye in synchronisation with the piston is also used, as in 
the case of the steam-engine, and its purpose is to direct the suction 
on to one side or the other of the piston, as required. 

The yalye slide is not solidly fixed in relation to the piston, but is 
made to operate quickly at the end of each stroke of the piston by means 
of a spiral spring on the break-back principle. 

The reason for this action is easily understood as, without it, there 
would be a position of the piston which would place the port -holes in 
tha valye half open to both sides of the piston, and this would be liable 
to interfere with the proper working of the wiper. 

Starting and Stopping Lever 

A leyer is fitted to enable the wiper to be started and stopped as 
required. Its action is to direct the suction to one of two paths. In 
the working position of this leyer, a clear path for the suction is obtained 
through a channel cut in the metal casting of the wiper body. This 
channel leads to the centre hole of three. There is also a channel leading 
from each of the two outer holes to each side of the piston. 

The Suction Path 

Across these lioles is the slide of the valve, and according to the 
position of the slide a clear suction path is made from the centre hole to 
either one of the outer holes. This allows the suction to move the ])istoii 
in one direction and, at the end of the stroke, the valve slide is (juickly 
moved over to change the suction path from the centre hole to tlie other 
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Pig . 1. — The vaxve hechahism of the Thico wiper 
It is recommejided that before removing the top of the vriper, the valve cover be re- 
moved and the mechanism closely inspected. It may be found that this mechanism may 
vary very much in different models of the same make. 


outer hole. This causes the suction to motre the piston in the other 
direction. 

Parking the Wiper Blade 

When the wiper is not required, the '' ou ’’ and off ” lever is moved 
over, and this removes the suction from the valve channel and transfers 
it to one side of the piston direct. This sncks the piston towards the 
suction opening, and the rubber cushion hxed on the piston seals the 
opening. This automatically stops the wiper working and also moves 
the wiper blade into the parking position. 

The Piston 

The above description is of the Trico make, and the piston is a thick 
flat blade working in a semi-circle in a trough. The wiper spindle is 
attached to the top of this blade and, in action, this spindle receiv^es an 
oscillating back and forth movement to the wiper squeegee blade across 
the windscreen. The other end of the spindle operates the slide-valve 
mechanism. 
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The Lucas Wiper 

This wiper works on 
the same principle, hnt its 
shape differs from that of 
the Trico, being cylindrical. 
There are also two pistons 
inside the cylinder, coupled 
together by a connecting 
strip. This strip has two 
grooves cut away in its 
centre, and as the connect- 
ing strip moves back and 
forth these two grooves 
operate a cam which throws 
over the valve slide. 


Operating Pin 

A spring-loaded pin is 
fitted to the outside of the 
wiper, for starting and 
stopping purposes. When 
the pin is pulled out and 
looked by giving it a half- 
turn, the pistons are free 
to move, hut, with the pin released, its other end projects into the inside 
of the cylinder and presses on to the edge of the connecting strip. At 
the end of the piston stroke, the pin drops into a groove cut away in 
the connecting strip. This locks the pistons in position and stops any 
further movement. 


Fig . 2. — Valve mechanism op Lucas wiper 

When the two halves of the cylinder of the 
“Lucas ” wiper are separated, this valve mechanism 
may fall out. At the left of the valve gear is seen the 
cam referred to in the text. 


Speed Regulator 

To regulate the travelling speed of the squeegee blade across the 
windscreen, a regulating screw is fitted to the main suction inlet — 
or should it he outlet ? — connection. If preferred, this screw can be 
used for starting and stopping the wiper. 

Parking the Squeegee 

As in the case of the Trico, the squeegee blade will automatically 
park itself when the o])erating pin is used, but when the regulating 
screw is applied it will be necessary to park the squeegee blade manually. 
This is provided for by a lever fixed on the end of the wiper spindle. 

Fitting the Wiper 

The fitting of suction -operated wipers is for all practical [)iirposes 
the same as for the electrical-operated types, hut to eliminate future 
troubles the following points should he observed. 



CAR GREASING AND LUBRICATING 
EQUIPMENT 

Bi/ J. ROSE 



Fig, 1.~AiY IXLlTMIUTArED car greasing and coxitrol pakel 
[By cmrtesy oj Jhc Oar Mart Ltd.) 


O F all the different items connected with car maintenance, perhaps 
the most neglected rintil recent years has been the specialised 
lubrication department. At one time, greasing and the attendant 
operations were regarded as a messy business,” which must he carried 
out in some obscure corner of the workshop, but it is now becoming 
increasingly obvious that it is a most potential factor in the establishing 
of new contacts, and impressing customers as to the up-to-date efficiency 
of the service side. 

It has, in fact, become the shop front of the service de[)artment, and 
as such ineiits close investigation. There are many firms to-day who 
specialise in the equipping of modern service stations with the most 
complete lubrication plants yet devised. 
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Figr . 2. — On- tece drivto5-03n hoist 

The qoick-fillmg unit being used to fill engine with flushing oil ; at the same time 
chassis being greased with high -power, high-pressure greasing gun (400 Ib.persq. in. 
pressure). {By courtesy oj The Oar Mart Ltd.) 

A Modern Lubrication Bay 

Such a lubrication system has been installed by The Car Mart Ltd., 
■who haye fitted out tbeir new service station at Hendon with every 
device calculated to deal with cars in the most speedy and efficient 
manner. Whilst there are undoubtedly many fine service stations 
situated in different parts of the country, let us examine this particular 
example of a modern lubrication hay, employing the A.R.O. system. 

The lubrication bay itself covers an area of considerably over 2,000 
sq. ft., and is situated at the front of the main building, allowing the 
public an uninterrupted view of all work being carried out. The 
psychological effect on business can be well imagined, particularly 
hearing in mind the ideal conditions under which the lubrication depart- 
ment is run. 

Large sliding and folding glass -panelled doors at the front provide 
immediate ingress, and similar doors at the rear allow for access into the 
main shop, at the same time permitting the bay itself to be entirely 
closed off from the main •v’-orkshop, in order that spring spraying, etc., 
may be carried out without any inconvenience to others. 

Lighting 

The walls of this hay are tiled to <a height of 7 ft., enabling the whole 
area to be hept in spotless condition, and cleverly fitted concealed lighting 
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in the roof provides more 
than adequate illumina- 
tion for night work, this 
light being diffused 
through opal glazing to 
provide an even, distribu- 
tion, at the same time 
preventing any view of 
the actual light-source 
from the outside. The 
whole atmosphere of the 
bay, both in daytime and 
at night, gives the feeling 
of spaciousness and 
cleanliness which is so 
essential to efficiency. 

Drive-on Hoists 

Occupying two-thirds 
of the floor area are two 
Globe drive-on hoists, cap- 
able of lifting 8,000 lb., 
considerable foresight 
having been displayed 
here in allowing sufficient 
space for the fitting of a 
further lift should this be- 
come necessary. 

Owing to the difficulty 
of taking the hoist-con- 
trol air -exhaust pipes out- 
side the building, unusual ingenuity has been shown in the fitting of 
Burgess silencers to these pipes, in order to reduce the exhaust noise 
to a minimum. 

These hoists employ the patented Globe principle, which, due to the 
design used, keeps all the oil below the piston, thus dispensing with the 
need for a packing gland, and eliminating the packing-gland pressure 
on the ram. This also permits the use of holes in the ram itself, 
and for the fitting of a safety har which can also be used as a stop 
preventing rotation of the lift due to the special registers on the stop 
collar. 


Fig. 3. — Metered gear oil distensatioji 

WASTE OIL DRAINAGE UNITS 

[Bij courtesy of The Car Mart Ltd.) 


Oil Drains 

Situated between these two hoists are specially designed universal 
swinging drain pans, by which all drainings are collected and discharged 
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Fig. 4. — Univers-al jointt being greased 

WITE CASTROIi EIGH-ERESSURE CEASSIS 
LUBRICATOR 



Fig. 5. — Greasing gun- and water pump 

BEARINGS WITH AIR-OPERATED XUBEICATOB 
Specialised lubricating oil is contained in 
the quickly detachable container. 


into nndergrouitd sto^iige tanks, the flushing from these tanks being 
effected by the application of compressed air. 

Oil Supply 

Adjacent to these drain pans is found a cluster of oil-siipplY nozzles 
\Vith quick-action manual controls, each nozzle siipfilyiiig a different 
grade of oil. These oils are piped through the control panel, vhere 
meters record the exact amounts dispensed to a fraction of a pint. 
All underground piping is made immediately accessible by centrally 
disposed cover plates in the floor, and all pipe lines are coloured for easy 
identification. 

Grease Supply 

The supply of grease is brought hy means of oveiiiead swing arms, 
one of each being fitted directly above the centre of either hoist, allowing 
any part of the car to be immediately accessible. Grease passes down a 
flexible hose from the swing arm to the actual gun, which incidentally 
is of a type suitable for grease-tight attachment to any kind of nipple. 
Running in line with the flexible grease hose is another hose suitably 
affixed at regular intervals. This carries air at 150 lb. pier square inch 
pressure, the air pressure serving to operate the gun at one hundred or four 
hundred grease deliveries per minute as recjuired. 
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Automatic Vatiation of 
Grease Pressure 

If the part to be 
greased is free of restric- 
tion, lubrication at com- 
paratively' low pressure 
ensues ; if, however, the 
part is rusty or the pass- 
age restricted in any way, 
then the grease pressure 
rapidly rises automatically 
until the passage is freed 
and lubricated. 

Whilst not often en- 
countered in everyday 
greasing, it is interesting 
to note that if necessary 
this type of gun can exert 
a pressure amounting to 
many tons per square 
inch. Although this high 
pressure can be developed, 
however, only 300 lb. 
grease pressure is the 
maximum in the hose on 
150 lb. air pressure, the 
gun itself being responsible 
for building up the main 

pressure, thus resulting in t.-Anotheb TYP3il OF Am-OPEEATED LX^BRI- 

very much longer hose catoe— the Se^^acon 

life. The grease required is in the detachable container. 

Air-pressure Line 

Centrally disposed between the grease swing arms and fitted to the 
roof is the self-reeling air-pressure line, with a combined gauge and 
control affixed to the wall. Attached to this control unit are air con- 
nectors, so that air lines may be coupled up for the purpose of supplying 
the spring spray gun, this gtm being of an advanced design in that 
adjustments allow for the concentration of the sjiray in such a manner 
that the amount of floating spray is reduced to a ininiiiiiiin. 

Supplying Special Brands of Lubricants 

Owing to the comparatively limited demand for certain special 
lubricants, hut the importance of dispensing such lubricants w'hen the 
occasion arises, the equipment includes a specialised lubrication rack : 
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Fig. 8. — USINO- A HYDRAULIC LTJBJRICATOB 

Showing the Jiffy' grease gxin. To operate, the handle is squeezed and the required 
pressure is given to the grease in the container by hydraulic action. 


this rack iacorporates a number of oil syringes and grease cylinders, and 
the air-operated portion of the grease gun previously referred to. These 
cylinders are coiistnicted so as to allow of rapid attachment to the air- 
operated portion of the guns, and since each cylinder is filled with its 
own special brand of grease the entire system enables the correct lubricant 
to be dispiensed to any part required. 

Flushing Gearboxes and Rear Axles 

Perhaps one of the most interesting accessories is the Visiflusher, 
which is used for the flushing of gearboxes and rear axles. This flasher 
consists of a pressed -steel spherical container, a venturi valve, tightly 
sealed glass bowl, and a service hose with a nozzle having a protective 
baffie. In use, the fiusher is connected to the air supply, and held in the 
right hand, the venturi control valve serving as a handle. Pressing 
down on the control button creates a vacuum used to draw fluid into the 
spherical container through the hose, and with the control button down 
the thumb is placed over the venturi valve outlet, thus causing fluid in 
the spherical container to be expelled through the hose. 

A small amount of flushing oil is used as a cutting medium to soften 
and dilute lubricants in the gearcase or axle, and this is alternately forced 
in and out of the unit in question until thoroughly mixed, after which 
the entire content is withdrawn by suction into the spherical container, 
and expelled into the waste oil drain. 
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The whole opera,tion occupies but a few minutes, and the glass bowl 
permits the operator to observe the progress and thoroughness of the 
flushing. 

The Control Panel 

Probably the most impressive part of this equipment, however, at 
least from the customer’s point of view, is the large illuminated control 
panel situated at one end of the bay ; of black enamel with chromium 
surround and surmounted hy an artistic canopy, the inner confines of 
which provide indirect lighting for the whole, the panel serves, amongst 
other purposes^ as a striking background for the equipment it is designed 
to control. 

In front of the panel are six large cabinets, in which are contained 
specified lubricants for the more popular cars. Each cabinet incorporates 
a pneumatic force-pump which sucks the lubricant straight from the oil 
manufacturers’ drums, and forces it direct to its appropriate nozzle in 
the cluster. On the panel itself are found the oil-registering meters 
previously referred to, and further attachments for air lines, the w^hole 
layout being designed to present a well-balanced appearance. 

As will be realised, however, it is not possible to disjieiise each 
proprietary brand of oil in such a manner, and to overcome this difficulty 
compact steel shelves, with suitable racks, have been fitted out of sight 
behind the control panel, and stocked with practically every brand of 
oil which is in demand to-day. All oils so stocked are carried in dustproof 
glass bottles of varying capacities, suitably labelled, thus ensuring that 
all oil used is absolutely pure and free from foreign matter. 

It is obviously unnecessary to comment on the value of such an 
imposing background for the lubrication bay, and whilst it may seem to 
some that the designers have perhaps been over-lavish in their attention 
to every detail, the consequent business has proved beyond doubt that 
the original outlay has been more than justified. 



SPARKING PLUGS 

By GEORGE T, CLARKE 
Importance of Makers’ Plug Maikings 

T here is a tendency on the part of both owner and storekeeper to 
regard the sparking plug as a plug and no more. If he does not 
happen to hav-e the one particularly suggested by the maker of the 
car or the plug manufacturer, he is very likely to fit a plug that looks like 
the one remoYed or a numbered plug nearest to the marking on the one 
at fault, or he fits a plug of a higher, or lower, numher because he thinls 
the next number a superior type for the purpose. The real fact of the 
case is that he knows little or nothing about the duty of the sparking 
plug and Y'hat has led np to its design. 

The Aim of the Plug Designer 

In the early days of motoring the sparking plug was a poor affair. 
Its performance was by no means good although the requirements were so 
very little. It can be described as a piece of china with a length of wire 
through it. The only thing that was uniform was the thread, which 
was hased on the plug used originally by Count de Dion. All designers 
of plugs attempt to attain the same end— to maintain the plug at the 
right temperature for the engine and at the same time keep clear of 
sooting up and carbonising on the surface of the centre portion of the plug. 

The Multitude of Plug Designs is due to the Variety of Engines 

Plugs are of so many designs to-day that it is proof that all engines, 
or nearly all, function in a different manner, necessitating many 
types of plug which, from an erterior point of view, cannot be distin- 
guished one from another. The difference is highly technical, but an 
attempt will be made to give some idea as to the reason for this multitude 
of differences. 

Plug Range compared with Engine Range 

In an article of this length it is impossible to plumb the teclinical 
detail to its depth, but sufficient will be said to show the oj^erator the 
importance of using liis intelligence to the best of his ability if he wishes 
to obtain the best performance. As an example, if a graded range of 
engines from A to Z w'ere fitted with 26 types of plugs numbered from 
1 to 25 suitable for these engines, and were changed around .so that plug 
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mmiber 26 was fitted to letter -A engine, 
and plug number 1 was fitted to engine 
letter Z, it is very doubtful if either of 
the engines would run at all, let alone 
run satisfactorily. This is no exaggera- 
tion, but a real example of the trouble 
to wHcli the plug maker has had to go 
to produce satisfactory running. One 
difficulty is that one person has designed 
the engine and another has had to 
design a plug to suit the former’s 
product. The modern engine, with its 
very high compression ratio, has called 
for greater skill in plug design. It 
would not be so bad if one had to deal 
with a perfect engine, hut there are 
no perfect engines, therefore the plug 
designer has had his hands full. 

Heat-resistance of Plugs 

Plugs have to he made within certain 
heat ranges and to deal with very 
sudden changes in temperature during 
which gas -tightness has to be main- 
tained. Material that offers a high 
electrical resistance also offers a high resistance to the passage of heat, 
and herein lies one of the difficulties. The plug and engine designer 
desires controlled heat radiation, hut has to deal with a material that 
must be of high electrical resistance. 

Problem of Heat Transfer 

The problem of heat transfer itself is now relatively simp)le, but there 
are other factors, such as over-oiling, that weigh against iinoontrolled 
heat transfer. Many years ago, in the early days of the plug industry, it 
was customary to make plug insulators with practically straight lower 
ends, resulting in excessive heat at the firing-point. Fig. 1 portrays an 
early interior of a Champion ])lug. Ex{)erienc‘e has shown that it is 
necessary to ])rovide a constantly increasing cross-sectional area through 
which the heat may travel and he absorbed, so as to eliminate the excesvS 
of heat at the firing-tip, or point. Practically all modern plugs have the 
firing-end of the insulator tapered to attain heat radiation. 



Fig. 1.— 0RIOINA.L 
Champion por- 

CEIA.INFSEDON 
COXD ” LOW- 
COMPRESSION 
ENGINES 

With increased 
engine compres- 
sion, it is neces- 
sary to have a 
“ hot ” point and 
the insulator 
fairly cool. This 
is achieved by 
making the por- 
celain of the 
shape shown in 
Fig. 2. 



Fig. 2. —As en- 
gine COMPRES- 
SIONS ROSE IT 
WAS NECESSARY" 
TO HAVE A 
“ HOT ” POINT 
AND TEE INSU- 
XATOR FAIEXY" 
COOX 

Therefore the 
porcelain was 
made smaller at 
the point, but uni- 
formly increased 
in size to ade- 
quately radiate 
the heat not 
•wanted within the 


Reason for Slow Heat Transfer 

With a low-speed, low-compression engine there is little heat to 
absorb and remove. In this instance a long path is introduced in the 
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Fig, 3.-“ Good heat 

RADIATIOISr BUT 
POOR CARBON RE- 
SISTANCE 

This plug, on 
account of the 
copper gasket being 
near the thread, 
gives the shortest 
possible path for 
heat transference, 
but there is no 
“pocket ” to give a 
largo surface to the 
porcelain and so act 
as a resister to the 
formation of carbon 
and maintain the 
electrical value of 
the plug. 



A 



B 


Fig. 3a. — Hot and cold plugs 

Plug A shows a very short heat path and a longer 
surface to the inside porcelain. The plug is suitable 
for a very hot engine, but at the same time resists 
burnt oil. Plug B has a long heat path and a long 
oil -resisting surface and is not suitable for a very 
hot engine. 

plug before the heat is a-hsorhed by the surround- 
ing engine casting and water jacket. 

Difficiilties under which the Plug Operates 

The conditions under which the plug has to 
operate vary considerably even in the same engine. 
It may have j)eriods of full load with an extreme temperature, 
Avhicli it has to withstand without the electrode overheating, and 
the insulating material must withstand the same heat without 
breaking down. The expansion and contraction must be such that 
it does not strain the sealing joint. The firing- end of the plug is 
exposed at the hottest point within the engine, and is subjected to great 
pressures and reactions , including chemical action. During all this the plug 
point has to overcome the erosion due to the passage of the high-tension 
current already surrounded hy gases tending to erode the point itself. 


Importance of Careful Selection of Plug 

Not only will the selection of the right kind of plug for the job prolong 
the life of the plug, but the life will be more useful whilst it lasts. The 
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wrong kind of plug may function after a 
manner, but the a-verage cwner seems loth 
to change until the failure has become so 
apparent that he is forced to put his hand 
in his pocket. 

Rapid Failure of Incorrect Plug 

The wrong plug fails internally very 
rapidly, often unknown to the non-technical 
drivel*. From full throttle the engine is con- 
tinuously being shut down to an idling 
speed, when the plug cools off and is sub- 
jected to an over-rich mixture, which 
deposits soot and an excess of oil drawn 
past the piston rings and tends to carbonise 
on the surface of the insulator. Between 
these two extremes the plug has to function 
and maintain a clean and non-conductive 
surface on the interior face. 

Ability to withstand Fracture at Critical 
Heats 



If the plug is to give reasoaable service pig. 4— Champio.v EEAT-aEcoEo. 
it must, first of all, have a good insulator i^g plvg for experimektaji 
impervious to the absorption of moisture ; only 

the insulator must he a hrst-class electrical 

insulator during the whole of the engine range of heat, and it must be so 
situated as to radiate sufficient of the heat created to satisfy the conditions 
of the engine designer. The insulator must he able to withstand fracture 
at the highly critical heats. The electrode must be non -corrosive. Fig. 2 
shows the principle of the tapered insulator designed and used by the 
Champion Company with the earlier type of plug (not even now 
obsolete). The larger area is clearly shown as the heat passes up the 
insulator. 


Plug Construction for Very Rapid Heat Radiation but Poor Resistance 
to Carbon 

In Fig. 3 is showm a plug with the gasket nearer the hring-eiid, so 
that the heat path is shortened as much as ])ossihle. The modern high- 
compression, high-speed engine needs to get rid of the heat generated on 
the ping point as rapidly as possible, hence tlie position of the gasket. 
The plug maker has to deal with many kinds of engines, and this is an 
example of what is called a cold ” idug for use in hot engines. Fig. 3 a 
shows hot and cold plugs. 
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Endeavour to meet Engine Heat and Oil 
Resistance 

As already mentioned, in plug design- 
ing it is necessary to provide different 
t3rpes of plugs which- will, as nearly as 
possible, exactly meet the conditions of 
the particular engine in which they are 
to he used. The classification is called 
“ heat range.” In order to explore the 
requirements within the engine, 
“ Champions ” made up plugs with a 
thermo-couple within the plug (Tig. 4). 
It was found necessary to make such 
tests in order to make sure the plug 
recommended would reach such a tem- 
Fig. 5 .— Tujg perature as was conducive to prevent 
exobJswe pre-ignition, and yet reach a temperature 
oELma-up high enough to eliminate the dangers of 
riiis lias a fouling the insulator. 

larger space 

between insu- ^ ^ .... 

later and plug Causes of Pre-igmtioii 

but a°^littfe ignition in plugs is in practically all 
longer heat cases due to the overheating of the tip of 
what' point where it ignites the 

compromise, mixture in the combustion chamber be- 
fore the spark takes place. 

Result of a Cracked Porcelain 




6, — Pltjg to 

PETROL 

EOUirN-G 

The neck restric- 
tion acts as a resis- 
tance to keep the 
larger portion of the 
porcelain at the end 
hot enough, to keep it 
from fouling through 
“petrol,” but oil 
folding is governed 
by the length of the 
porcelain within the 
plug body. 


A cracked porcelain, through being detached from 
the main body of the insulator, stores up heat until it incandesces 
and causes pre-ignition also. If very much detached it pre-ignites 
the gas to such an extent that a very high pitched knocking is 
heard which, to the imitiated, sounds as though a gudgeon pin had given 
out. 


Causes of Fouling by Oil and the Result 

Fouling of plugs is of two kinds — oil and petrol fouling. In the first- 
case more oil than normal passes up hy the pistons into the comhustion 
chamber and is deposited on the insulator, and on the inner body of the 
plug. If this continues for any length of time the oil forms into a har- 
dened cake and closes, or restricts, the space between the insulator and 
the plug body. The only remedy is to fit a plug with a larger space, 
somewhat like Fig, 5. 
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Fig. 5a. — Examples of CHAMPiOiT powder-fiul,in-g gas-tight plugs 


Causes of “ Petrol Fouling 

Petrol fouling is different in cliaracter. Wken an engine is started 
cold, a blanket of carbonaceous material, or wet fuel, is deposited oTer 
the whole surface of the insulator, and forms, when the first heat is 
applied, into a dry, fluffy, carbon coating. i\s the heat increases the 
tendency is for this fluffy material to disapi)ear from the insulator. 

Real Reason for cleaning the Plugs after a Bad Start 

This is one of the reasons that an engine, after a splutter or two, often 
requires the plugs cleaning. The fluff is a conductor, therefore with a 
deflated battery unable to create enough E.M.F. through the coil, the 
spark is conducted bo earth via the flufi‘ instead of jumping the gap. 

Insulator Coldest at Gasket and the Trouble caused Thereby 

Naturally the insulator is coldest at the point where it seats on the 
gasket, and there is a tendency for some of the condensed carbon to re- 
main. As the firing -tip of the insulator is nearly reached, the tempera- 
ture is high enough to remove the fluff which is deposited. As we get 
nearer still to the tip of the insulator the condition is ci little difterent. 
With the very high temperature at this point, along with the tendency 
for a slight amount of oil to be mixed into the de[:)osit at the tip, the 
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. 7. — Plug carboked up befobej Fig. 8. — Plug apueb oLEAmNG 

CLEANING MACHINE SHOWN IN PlG. 9 

mixture has an inclination to cake to some extent and perhaps hake into 
a hard crust. 

Importance of Plug Temperature 

As long as the temperature of the insulator mid^\^ay between the tip 
and the gasket seat is maintained high enough to eliminate the fluff of 
carbon , the plug will not foul. 

Design to maintain Tip Temperature 

Pig, 6 shows a plug designed for this purpose. It is when the carbon- 
aceous material from the tip meets the condensed material starting from 
the gasket seat that fouling actually takes place, and the current travels 
through this carbonaceous layer rather than jumps the gap. The prob- 
lem becomes one of maintaining sufficient temperature at the immediate 
point to continue to eliminate the fluff and so prevent fouling. The 
insulator shown in Fig. 6 retai’ds the flow of heat by reduction of area at 
the neck portion just long enough to retain sufficient heat to keep the 
core clean. 

Limit of Temperature at Point of Plug 

From the above it will be seen that to prevent petrol fouling in the 
ordinary plug it is essential to provide the necessary temperature at the 
intermediate point to prevent foaling, but the insulator can be lengthened 
only to an extent where the tip temperature will not exceed 1500° F. 
Petrol fouling can tlien be taken care of hy increasing the length of the 
insulator, within reasonahle limits, but in the case of oil fouling it is a 
question of added space within the plug. 
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Fig. 9 (right) . — P i tr g 

BEING GLEANED BY 

SAND BLAST ON A.C. 

PLUG -CLB ANING MA - 

CHINE 

Why Smaller Plugs 
were Introduced 

The first plug 
size used was the 
1 S-mm . , after which 
The Tord Company, 
mainly because the 
U.S.A. disliked any- 
thing hearing the 
name “ metric, ” 
started the J-in. 
gas-thread plug. 
After that the 
U.S.A. introduced 
the |-in. X 18 
thread plug. All 
three of these plugs 
axe of ample size, 
and enable the plug 
maker very easily 
to combat the 
“ heat range ” busi- 
ness. But now we 
have a further three 
plugs, starting with 
14-, and then 12- , 
and erentually 10- 
mm . diameter. 
The smaher plug 
commenced life with 
the small cylinder 
which, with a 
standard plug 
fitted, did not 
permit sufficient 
water space around 


Fig. 10 (right)- 

BEING INSERTED IN 
TESTER OF CLEANING 
MACHINE 

m:.r.o. IV. — 33 
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Fig. 11. — Plug being tested under eressuee 

the top of the cylinder. It was therefore necessary to reduce the size of 
the plug and so reduce the diameter of the cast boss. 

On the Packard Straight Eight and other engines with eight cylinders 
in line, it must be apparent how little space there would be for water with 

PLUG- DIMENSIONS 


j^ominal 

Outside 

Pitch or 

Double 
Depth of 
Thread 

Root 

Tapping 

wmn 

Across 

Diameter 

Diameter 


Diameter 

Drill 

Flats of 
Hexagon 


•8750 m. 

18 

•0722 m. 

•8028 in. 

20-5 mm. 


^ ia. Gas 

•8250 m, 

14 

•0928 in. 

•7322 in. 

47 /64 ill. 

Various 

ISrom. 

•7087 m. 

1-5 mm. 

•0767 in. 

•6320 ill. 

41 /64 in. 

1 in. 

14min. 

•5512in. 

1-25 mm. 

•0639 in. 

•4873 in. 

12-5 mm. 


12 mm. 

•4724 in. 

1-26 mm. 

•0639 in. 

•3585 in. 

‘“U ” 

1 

10mm. 

•3937in. 

1-00 mm. 

•0511 in. 

•3426 in. 


U ill- 


a boss large enough to take an 18-mm. plug. Obviously, as we go to 
smaller plugs, instead of reaching standardisation in size suitable to all 
makes of engine, we have made the task of heat control in the plug 
more difficult. 

Difficulties of Heat Governing with the Small Plug 

Obviously, too, the conditions which have to do with fouling are .made 
worse, and it is impossible to give more than a very small space to jiro- 
vide against all kinds of fouling. As we get intp the smaller plugs we 
approach the cold types, in fact we get very close to the racing types 
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from the standpoint of heat path. 
The small plug reaches its normal 
temperature faster by some 10 to 
15 seconds than the 18-mm. plug. 


Gas-tightness of Plugs and its 
Importance 

A very important factor of plug 
design and care in manufacture 
is the formation of the gas-tight 
seal. The reason this is so im- 
portant is that a leak between the 
centre electrode and the centre 
insulator, or between insulator and 
shell, rapidly increases the 
temperature of the tip of the insu- 
lator and changes the normal rat- 
ing of the plug. A leakage of 5 c.c. 
per minute, which is very small 
indeed, will increase the tempera- 
ture at the tip of the insulator 
hy approximately 35° F. The 
average difference between plugs 
next to each other in the heat 
range is approximately 40° F. The 
leak stated is equivalent to using 
the next hotter plug. 


Leakage the Cause of Overheating 

Leakage between the insulator 
and the shell must be of a higher- 
rate than 5 c.c. per minute to cause 
definite overheating, hut the 
danger is that of permitting the 
hot gases to reach the shoulder of 
the insulator, and cracking at this 
point. As is already known, the 
porcelain insulator of the Chainpiou 
plug is made from ‘‘sillimanite,’'’ 
a natural non-nietallic crystalline mineral formed ages ago from alumina 
and silica by the combined effect of pressures and temperatures of 
inconceivahle magnitudes. The ore is mined and ground into a very 
fine powder, and a bonding material added, along with water, to form the 
actual material from which the porcelain ” will be formed under pressure. 
The porcelain is then glazed and baked. 


Fig. 12. — Ge:neral view of the A.C. 

PLUG TESTER 
{By courft'xy of tki Car Mart Ltd.) 
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Fig . 13. — Correct and incorrect thread lengths 
A — Incorrect fitting (thread too short). B, C, D — Correct fitting in various shaped heads. 

Ill the earliest design of plugs it was customary to use ei screw and 
imt to hold the centre electrode in place. Naturally this did not form 
a gas-tight joint, and, as the severity of engine conditions increased, 
plug makers found it necessary to provide a better seal, and some, for 
many years, have used a liquid cement of some Mud which is haked to 
form a so-called solid joint. It is entirely natural that -when a liquid is 
baked, the result is the expulsion of moisture and consequent porosity. 
It has been a problem to the plug maker. One of the difficulties has 
been to maintain sufficient tightness without making the column of 
cement so homogeneous that its expansion under great heat would not 
tend to split the insulator. 

Powder Packing said to form a Good Gas-tight Joint 

The Champion Company say they have entirely overcome the 
difficulty hy tamping around the centre electrode a dry powder made 
from the same material as the insulator, and called “ Sillment.” This 
means that the plug cannot be taken to pieces for cleaning, but the 
modern plug-cleaning machine makes dismantling unnecessary. 
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ELECTRODE 


EXTERNAL SLEEVE 


GLAND NUT 


PROTECTIVE 

WRAPPING 


RIVET nut 


INSULATION 

WRAPPING 

GLAND 


Dismantling not now 
necessary? to clean Plugs 

As a matter of fact 
man 7 plugs failed after 
dismantling because 
tlie 7 Tvere not re- 
assembled correctly, 
perhaps because tie 
operator had no new 
gaskets and depended 
on tke old one. 

Disturbed Copper Gasket 
the Cause of Subsequent 
Trouble 

In any case the 
copper gasket plays 
such an important part 
in the beat range of tke 
ping that it is as well 

it cannot he disturbed central firing point 
from the position in 
which it has been placed 
by the expert. The 
one-piece plug has 
simply a flange turned 
over against the packing 

at the upper shoulder -of the core. The dry-powder construction is 
resilient, and can come and go with the contraction and expansion of 
both shell and insulator, and so remains tight no matter how hot the 
plug may he run. Vith tightness ensured one is certain of the equal 
performance of the set of plugs installed. 



BODV 


earth point 


Figr. 14. — Various points in K.L.Gr. PLua srANXJFAOTrRE 

The example sliown is tho K.L.G. type G.l plug. 
The central electrode is -well protected -with w^rapped 
mica. Note tli© long heat path for a cold engine and the 
large pocket as a restrictor to oiling up. 


Position of Plug Gap within the Cylinder 

Another important factor is the position of the plug gap within 
the combustion chamber. All plugs are made in different lengths 
of the threaded portion, so that the gap should be at the desired point 
of ignition. The modern engine is very much more particular as to 
the sparking position, and the projection into the head of the 
threaded portion of the plug may lead to overheating of the sharp 
points and lead to pre-ignition. This point needs to be watched very 
closely, especially with the smaller 14-inm. plugs, where the original 
standard 14-nim. is |-in. thread in length from gasket seat to the end 
of the shell. 



nl 


1 



Fig, 15. — The 

K.L.G. PLUG 



Fig. 16.— K.L.G. 
F.12 



K.l 


This shoTTS the design 
of the first sparking plug 
as developed by K. Lee 
Chiiness. 


Gas-tiglitness pro- 
duced by swaging the 
gland nut around the 
wrapped mica. Inner 
wrapping of mica ground 
and polished as a resis- 
tance to heat. This plug 
is suitable for the aver- 
age engine without very 
liigh. compression ratio 
or excessive heat. 


Note stepped wrap- 
ping to resist oil cori'o- 
sion and large ‘ ‘ pocket ’ ’ 
for the same purpose. 
The enlarged copper - 
covered electrode has 
increased heat conduc- 
tivity. 


Plugs in Aluminium Cylinder Heads 

111 many instances aluminium heads are used for high compression, 
and it has "been found necessary to go, perhaps, to I -in. and in a few cases 
to J-in. thread length. This again multiplies the number of types 
required, because in each particular instance the thread length is meant 
to meet the requirements of a particular engine. (>See Mg. 13.) 

Importance of correctly tightening Plug in Cylinder 

A Avord or tAvo as to tightening the plug in the engine. It is not 
easy to bring home to the average motorist the difference between 35 
and 40 ft ./lb., but the garage mechanic is in a different position, therefore 
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he should fully appreciate the following. If a 14-mm. plug is installed 
with a 30-ft./lb. torque, it will get too hot because there is insufficient 
heat transfer between the shell of the plug and the plug washer. If, 
on the other hand, it is pulled up to 45 ft. /lb., it is apt to leak between 
the insulator and the shell on account of excessive strain. 

Mica Plugs 

To illustrate our remarks, we have used the Ohanipiou plug with 
its porcelain insulator as an. exanaple. The K.L.G. ]>lug makers, how- 
ever, use mica in their plugs as well as a form of porcelain. The mica- 
insulated plug will be explained on account of its approach to the 
same goal from an opposite angle. The plug was evolved by llr. 
K. Lee Guiness when he was a racing motorist. He had trouble in 
finding the right plug for his racing Sunbeam car, and this led him 
to set up an experimental shop, and in that shop he carried out a vast 
numher of experiments with many classes of material. Pig. 15 shows 
the result of Ms activities. The motor owner has reason to he grateful 
for his patience. 

Mica Washers are not the Real Insulators 

The average operator, or garage mechanic, often thinks the insulation 
of this plug depends upon the mica, as seen in the external sleeve of the 
Pl.L.G. plug portrayed in Fig. 14. The external sleeve is the mechanical 
protection of the plug proper, whilst the actual insulating mica is wrapped 
around the centre electrode, and termed “protective trapping in the 
same illustration. In describing this particular make of sparking plug 
the nomenclature will he as Fig. 14. This natural mica is very ffiiely 
laminated, and the sheets may be split readily into many thin sheets 
of one- or two -thousandths of an inch in thickness, almost similar to 
cigarette papers. The very thin sheets are quite flexible, and they are 
known as wrapping mica.” Other sheets are split into thicknesses of 
about -,.1, in. and are subsequently punched to form washers of about 
I in. diameter, with a hole in the centre to suit the design for which they 
are to be used. As said, the washers only serve the purpose of protecting 
the wrapping mica from heat and damage, also, in some cases, providing 
a gas-tight wall. 

Yalue of Mica as Sparking-plug Material 

The mica for a sparking plug has to meet three primary requirements, 
the first being adequate electrical insulation for the centre electrode ; 
secondly, a protective covering must he provided for the part of the 
electrical insulation which is exposed to the gases in the cylinder ; 
and, thirdly, the complete assembly of insulation and central electrode 
must provide a gas-tight joint m itself. 
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Non-corrosiv^e elec- 
trode for very high 
temperatures, copper 
plated to maintain heat 
conductivity. The gas- 
tightness is obtained by 
a special wrapping (not 
wrapped mica) so that 
the jomt is effected 
without strain on the 
wrapping. The result is 
a higher factor of safety. 


Note the protected 
electrode surface from 
splashed oil and heat 
conservation of the 
centre electrode. The 
thin wire points are to 
stop heat radiation as 
much as possible. 

This ping was 'pro- 
duced for the old Ford 
model T. 


Plug for very high 
temperatures such as 
exist in two -stroke en- 
gines that have no over- 
oiling trouble. Note 
small electrode insulator 
surface, only permissible 
when oiling is non- 
existent. 


Wrapped Mica as the Electrical Instilator 

The insulation mica may be ^Tapped either directly on to the central 
electrode, as in Fig. 14, or on to the inside diameter of the body, as in 
Fig. 15. The proteetire coyering may consist of mica washers or a 
furtlier wrapping of '‘wnapping mica,” fitted over the insulation wrapping, 
as ill the case of Fig. 14, and inside it as in the case of Fig. 15. 

Gas- tightness of Plug with. Mica Insulation — Early Methods 

The gas-tightness is obtained either by compressing longitudinally 
the mica washers which form the protective covering, a method which is 
almost obsolete, or by turning over the edge of the plug body. In the 
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Bacing type plug of 
very high heat conduc- 
tivity, but little sijrface 
against oiling. The life 
of the plug is short but 
more than long enough 
for the purpose for 'w^hich 
it is designed. 



Fig. 22.— K.L.G. 

lk:.i 

hTote oilbafftes form- 
ing the earth side of the 
plug, the stepped mica, 
and large “ pocket ” as 
a protection against 
fouluig. The plug is 
smtable for a semi-cold 
engine. 
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Fig, 23. — K.L.G. T’iTPE 
718 

hTote the short heat 
path to conduct the heat 
from a “ hot ” engine 
and the shaped electrode 
to assist heat radiation. 


case of detachable plugs the gland which surrounds the central electrode, 
or insnla^tor, is screwed down to compress the mica to form a gas-tight 
joint. Apart from these primary methods of construction, the makers 
have to provide for the requirements of the actual engine in which the 
plug is to he used. To use the words of an authority of the K.L.G. 
Company : In this, the specification of the engine as regards the 

position of the valves, compression ratio, maximum speed, and type of 
cooling will provide considerable guidance, but it would be a very bold 
plug designer who would undertake to produce the correct plug without 
a certain amount of trial and error under actual working conditions.'’ 


Importance of Aalve Disposition to Plug Performance 

As an example of the “heat range,” etc., it will be as well to deal 
with two plugs, one of the wrapped ” type and one of the “ washer ” 
type (Figs. 14 and 16 respectively). Both these plugs have met with a 
large measure of success, each in its own sphere. To-day both of these 
plugs haye been superseded by later developments, but they are excellent 
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examples of the treatment of the mica. In Pig. 14 we have a central 
electrode of mild steel, with a firing-point of iiicLel inserted into its 
lower end. This electrode carries two wrappers of mica — -one of which 
is the insulating wrapping extending to the top of the outer sleeve, and 
a second, which is the protective wrapping only to the top of the gland. 
These vTappings are, in the first place, wrapped as closely as possible 
on to the electrode and finally gripped by contraction of the gland. 

Method of producing Gas-tightness with Mica 

This contraction is effected by a swaging process, and is continued 
until the mica between the gland and the electrode is so far compressed 
as to prevent any leahage of gas through it. After the gland has been 
contracted and a gas-tight joint obtained, an external sleeve composed 
of mica washers is threaded over the external end of the insulating 
wrapping and retained in place and tinder compression by means of a 
rivet nut. It will be clear that this external sleeve serves, not only to 
protect the external part of the wrapping from accidental damage, but 
also to form a finish to the plug. 

Polishing the Mica for Resistance to Heat 

The inner part of the protective wrapping is ground to a taper and 
polished so as to form a protection that has, in itself, the greatest resistance 
to the action of the heat and a reasonable resistance to the deposit of 
carbon and oil. This insulated and protected centre is then mounted 
in the plug body and retained in place by the gland nut, so that its inner 
insulation lies in the gas chamber and its central firing-point extends 
through the mouth of the plug until it is only separated from the earth 
point by the width of the gap. The construction is one that may be 
called suitable for the ordinary engine, provided the dimensions of the 
various components are suitably chosen. 

Importance of “ Pocket and Inner Insulation to Varying Conditions 

The possible variations are the length and diameter of the inner 
insulation, the depth and diameter of the gas chamber, the length of 
the central firing-point, and the diameter of the mouth of the plug. 
It is apparent that there are many combinations of these variations, but 
speaking broadly the larger the diameter and the shorter the length of 
the inner insulation the greater will be the heat resistance. 

Area of Surface Insulation an Important Factor 

111 addition, the heat resistance of the plug may be raised by decreasing 
the volume of the gas chamber. There is a limit to the advantage which 
can be taken of these possibilities, as, if the inner insulation is shortened 
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too far, its surface will become too short to be effective, whilst if the 
volume of the gas chamber is reduced too far it will readily become 
choked. The K.L.G. plug shown in Fig. 16 is far more complicated. 
In this design we start with an electrode made from high-tensile steel 
which has an enlarged head formed at one end integral with the stem. 
This head is recessed and a firing-point of nickel is caulked into it. 
The insulation wrapping of mica is formed into a tube bj wrapping 
on a mandrel, which is withdrawn when the tube is inserted into the 
gland. Whilst the tube is held by the gland the protective mica washers 
are sKpped on its inner end and the external sleeve washers are put on 
its outer end. The electrode is then passed through the tube from its 
inner end, so that the underside of the head seats on the end of the 
assembly of protective washers, while the nut on the outer end of the 
electrode screws down on the top of the external sleeve. 

Gas-tightness dependent on Gland liut 

It will be seen that the inner protective w^ashers and the external 
sleeve are compressed longitudinaUy by the tightening of the nut, and 
the gas-tightness of the plug depends on this tightening, a tightening 
which must be carefully regulated to make certain that only sufficient 
pressure is applied. 

Result of Excessive Pressure on Gland Nut 

Excess of pressure will entail damage to the w^ashers when the mica 
expands under the heat of working conditions. In this design we have 
a case where the external sleeve of washers is more than an ornament, 
as it actually serves as a distance-piece. Fig. 16 may be considered 
typical of the washer form of plug construction. 

Fig. 17 is a plug still having the general form starting with a straight 
central electrode and bearing a wrapping of mica, hut the electrode is 
made from a special form of material having a core of steel and a 
casing of copper closely wulded to the core. 

Heat Conductivity through Copper-covered Electrode 

The steel core provides the strength and the copper iirovides 
increased heat conductivity. The increased conductivity reduces h)c-al 
heating, and considerably increases the heat resistance of the plug as 
a whole. 

Stepped Wrapping to increase Resistance to OiIing«up 

In Fig. 14 the protective wrapping is finished off to a ttiper, wiiilst 
in Fig. 17 the inner wra])ping is finished off in steps. The step formation 
is not so resistant to heat, lout the design is ])ossiblc on accunint ot the 
lower temperature of tlie electrode in that full advantage can be taken 
of its peculiar resistance to deposit. In addition to the improved heat 
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conductivity of the electrode, the gland is no longer isolated. With the 
plug in Fig. 17 the gland is of tubular form, and after contraction is 
turned on its outside diameter and firmly pressed into the gland nut, 
so that heat is not retained in it hut can flow readily to the body of the 
plug. These two improvements in heat conductivity compensate for the 
loss of heat resistance of the stepped wrapping, and permit a design of 
added resistance to the formation of carbon deposit. 

Heat-resisting Electrode for High -compression Engines and Large Pocket 
for Excessive Oiling 

The plug shown in Fig. 1 8, although the general arrangement appears 
to be very much the same, has an electrode made from a non-scaling 
steel (something like exhaust-valve steel) which also retains its strength 
at high temperatures. It is smaller in diameter, but its heat conductivity 
is increased by a copper tube pressed on to it. An inserted firing-point 
of nickel alloy is retained, as in Fig. 17. The main difference, however, 
is that this design no longer depends on the longitudinal compression 
of the protective washers to provide a gas seal, as in Fig. 16. Instead, 
a gland of steel in tubular form is used, and this is contracted on to the 
insulation vTapping, which is reinforced, under the tube, so that a gas- 
tight joint is secured at this point quite independent of the protective 
washers. This results in a much higher factor of safety for the plug as 
a whole, and avoids the risk of the washers being compressed to a 
dangerous point in the effort by the inexperienced to make the centre 
gas-tight. 

Plug designed for the Special Conditions of the Model T Ford 

The foregoing practically covers the methods adopted by the K.L.Gr. 
Company to produce a plug to cover both the “ heat range ” and the 
resistance to corrosion, hut Fig. 19 gives some idea of the extremes to 
which plug makers are forced to go to produce the correct plug for certain 
engines . The Ford plug (Fig. 1 9) was produced to meet the requirements 
of the old Model T, in which the gas temperature was abnormally low 
(the compression ratio was only 3*6 to 1), while the supply of oil in the 
combustion chamber was liberal. The difficulty was to provide an 
insulator which would be heated sufficiently by the low gas temperature 
to enable it to defend itself against the oil. With this object in view, the 
mica wrapping was allowed to extend beyond the end of the electrode 
and the gas chamber was entirely eliminated, so that the wrapping 
extended riglit into the combustion chamber in the form of a skirt 
which would collect all the available heat. The actual firing-points 
were made of small-diameter wire, and the external surface of the mica 
was stepped in order to increase still further its resistance to oil, whilst 
the spark ga]) was formed to give the least chance of being bridged with 
lic|uicl oil. The Model T has almost gone, but it afforded an excellent 
example of plug design. 
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Two-stroke Plug desigaed for High-temperature Engines with no Oiling 
Trouble 

The extreme in the opposite direction is shown in Fig. 20. It was 
designed for a two -stroke engine in which the gas heat was Ter}' high 
although the trouble from over-lubrication did not exist. The electrode 
was of copper with the largest amount of wrapping possible. The large 
bundle of wrapping was inserted in the plug, and then the whole body 
was swaged down to compress it into a solid gas-tight mass. After 
compression the inner end of the wrapping was turned off flush just above 
the bottom of the plug, and the earth wire was inserted to make the gap. 
This resulted in a surface of “ end-grain ’’ compressed mica and, although 
the leakage path was very short, it proved to he long enough in a clean 
engine. 

The Right Plug for the Engine is more than an Ordinary Precaution 

There are any number of designs of plugs ou the market, but it is 
advisable to use those with talented research behind them. It never 
was a case of any old plug will do,” even with the original low -compres- 
sion engine, hut the modern engine requires a plug of first-class ^sh 
and with first-class brains behind it. We have nob yet got to finality 
in plug design, exactly as we have not yet got to finality in engine design . 
Until then it is a case of experimentation, and only those with well- 
equipped experimental departments are likely to meet requirements. In 
any case it is as well to remember that the best of plugs wear out ; there- 
fore there comes a time when the plug can no longer be of any economic use. 

Large Spark Gaps under Certain Circumstances 

There seems to be a great deal of misunderstanding about wide gaps 
in the region of *040 in. to *060 in. As a matter of fact, the wide gap 
is a feature of the Vauxhall Ten, and in this engine it has undoubtedly 
contributed to low petrol consumption, but this low consumption is 
attained by carburettor setting and a system of gas distribution that 
provides each cylinder with such a uniformity of weak nii.x;ture that 
performance is enhanced. The shape of the combustion chamber has 
much to do with the results obtained. From this it is obvious that the 
mere widening of the gaps in any engine which has not been designed 
and adjusted for an abnormally weak mixture will have no effect and 
only lead to some form of ignition trouble. With normal running (not 
racing) the Lucas and other first-class coils will stand up to the work, 
but the outside insulation of the plug, if dirty or too short, may permit 
the current to flash over the terminal to the body of the plug, and more 
especially in damp weather on starting first thing in the morning. The 
fact, however, must be faced that the whole of the ignition will be more 
highly stressed by experimenting with ■wider gaps, and the result, 
unless the engine is designed for the change, is not worth the trouble 
plus the likelihood of ignition failure. 



TESTING IGNITION COILS AND 
CONDENSERS 

By S. (!. MIINDY, M.LE.E., A.M.I.AE., M.IM.T. 

COIL TESTING 

T here is a considerable variety of apparatus offered for testing 
ignition coils. Most of these testing devices depend upon a visual 
test of the length of the spark as a measurement of the efficiency of 
the ignition coil. To test ignition coils merely hy spark length is not, 
in itself, a sufficiently accurate indication of the ability of the coil to 
function satisfactorily on the engine. 

Conditions which Affect Length of Spark 

There are a very large number of conditions which affect the length 
of spark and which make it difficult to establish a standard. 

To analyse the prohlem, we should consider what leads up to the 
creation of a spark across the sparking-plug gap. When the contact- 
breaker points are closed, current flows in the ignition-coil primary 
circuit , When these contacts separate, the ignition coil begins to huild 
up voltage in the coil secondary winding at a very rapid rate, something 
in the order of 50,000,000 volts per second. This voltage rise, however, 
continues only for a very short period, and until sufficient voltage is 
induced to cause a spark to jump the sparking-plug gap. There are 
many conditions which affect the voltage required to produce this spark, 
such as the temperature, the nature of the gases around the sparking- 
plug gap, etc. 

If, for example, 5,000 volts are required to produce a sj)ark under 
the conditions which exist in the cylinder, the period of voltage rise 
would be only ^ sec. Under this condition there is no need for a 
higher voltage, and if the time interval or the period during which the 
contact-breaker points were open is longer, it means that the current 
will flow across the sparking-plug gap for a longer period. 

In ].)ractiee, the design may retpiire a spark of a given voltage but 
longer duration ; such coils have a fewer number of secondary turns. 
On the otlier hand, the design may call for a coil with more than the 
usual number of secondary turns to give a higher voltage of shorter 
duration. 
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It will be realised from these considerations that the design of an 
ignition coil is, in practice, highly complex. We have to consider the 
conditions which control the voltage which the coil can deliver to the 
sparking plugs, including the primary cun’ent, number of secondary 
turns, the primary inductance, the resistance of the secondary circuit, 
and its electro -static condition. 

Can Coil Make Up for Losses Caused by Faulty Plug? 

Another factor which must also be considered is the sparking plug 
itself. The insulating resistance of a sparking ping lias an important 
effect upon the length of spark which the ignition coil is able to produce. 
This resistance is the extent to which an electrical leakage can be 
prevented across the porcelains or through the deposits which form on 
the porcelain. 

It will be appreciated that satisfactory results in ignition-coil testing, 
and particularly ignition-coil replacements, cannot be carried out in a 
haphazard way. We must be satisfied firstly that our methods of testing 
are correct, and secondly that all replacement coils w’e may fit are of the 
most suitable design for the characteristics of the engine. 

The ideal ignition coil is one which is capable of producmg a length 
of spark across the plug gaps to deal with all. normal operating conditions, 
but to have a reserve to make up for any loss occasioned by a leaky plug. 

A coil which has a very long spark length, as measured on the spark- 
gap test, may have quite a low secondary current, and in consequence 
not the same reserve as with a coil which has a relatively low number of 
secondary turns. 

These various considerations show that theoretically correct and 
complete methods of coil testing are extremely difficult to provide. 
To carry out coil testing properly and to predict the performance of the 
coil under operating conditions it is necessary to get a very accurate 
indication of the characteristics of the secondary ciu-rent. This means 
that an oscillograph should be used, which will show a picture of the 
peak value of each secondary-current impulse and its duration. This 
class of equipment is not practical for normal service ; it comes in the 
category of laboratory instruments. 

Comparing Coil under Test with Master Coil 

For general service work a suitable alternative is to test a coil by 
comparison with another coil of the same make and type, and to use 
testing equipment which indicates not only the length of spark but also 
measures the current consumption of the coil. It is a fallacy to judge 
an ignition coil entirely hy the length of spark it i^roduces. If this test 
is coupled with a measurement of the current consumption, and a cheek 
is taken to see that this current consumption is normal, and the coil 
being tested is compared with another coil of the same make and type. 
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it should he possible to deal with ignition- coil troubles with practical 
satisfaction. 

One other very important factor always to remember is that merely 
changing the coil will not remedy all ignition troubles of modern high- 
speed, high -compression engines. Every other possible trouble nanst 
be carefully tested and eliminated. 

Coil Replacements 

When dealing with coil replacements a lot of uncertainty exists. 
There are many replacement coils offered to the trade with all sorts of 
claims to superiority and ability to correct various kinds of ignition 
troubles. Such coils are advertised as superior coils and high-speed 
coils. Care should, however, always be taken in deciding whether to 
use one of this type in preference to the standard type as fitted to the 
car by the manufacturer. 

The selection of an ignition coil, as we have already seen, is not a 
haphazard job. The coil characteristics are carefully considered by the 
car manufacturer, and he selects a coil which is capable of suiting the 
characteristics of the engine to which it is fitted. It is for this reason 
we suggest that the wisest course is the use of a replacement coil of the 
same make and type as originally fitted to the car. 

Such manufacturers do not always consider the entire ignition system 
in the design of their coils. It must be appreciated that the ignition 
coil is only one part of the complete ignition system, and the aim of 
correct service is to ensure that the whole system is complete. 

CONDENSER TESTING 
Important Facts about Condensers 

The condenser is one of the most important electrical components 
on the car ; its function is to prevent arcing at the contact-breaker 
points. If the condenser fails, these points will rapidly burn, and the 
hole will make the engine inoperative. 

The conditions under which the condenser operates are very stringent. 
The normal condenser can perform its duty in about -xo-iro-r sec., and 
arcs only ^ l sec. to fire the complete number of cylinders. 

Some indication of the importance of the condenser, and with it the 
contact-breaker points and coil, is to remember that these three units 
]>eiforin the c(>m])lete operation six times as often as any one of the inlet 
or exhaust valves in a six-cylinder engine. The failure of any one of 
tlie three parts will make the engine inoperative, whilst it will still 
continue to run after a fashion even if several valves are out of 
coni mission. 

It is a mistake to consider these small electrical components as 
comparatively unimportant. 
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It is equally importaat to remember tlie necessity of a proper balance 
being maintained between the components to ensure a satisfactory 
performance. Wbenever a car is brought in for service a test should be 
made of the contact-breaker points, coil, and condenser. 

Using Capacity Meter 

The most satisfactory method of testing condensers is to use a capacity 
meter. An instrument which gives true readings in actual microfarads 
is very expensive to provide, and most service instruments used give a 
comparative microfarad reading on a graduated scale, where limits have 
been established by checking with various types of condensers known to 
be in thoroughly sound condition. These instruments, properly used, 
are quite satisfactory in determining whether the capacity of a condenser 
is sufficient for satisfactory performance. 

The capacity of the condenser can vary through rather wide limits 
before it fails to prevent arcing across the contact-breaker points. Quite 
satisfactory performance may be obtained with condensers which vary 
in capacity between as much as *15 to -40 mfd. 

For service requirements, cars of high-speed operation are usually 
fitted with, condensers which have a capacity for lower limits ; for cars 
with normal slow-speed performance, the condensers which give the 
best results are those with capacities near the higher loads. Tor normal 
operating conditions in standard pleasure cars the best results are 
produced hy a condenser with medium capacity. 

The capacity of the condenser is the main factor to consider. 
Insulation resistance is not so important. A resistance type of test 
should never be depended upon to determine the w’orth of a condenser. 
A reading down to 2 megohms is satisfactory, although many condensers 
will give a much higher reading than this. 

Indications of Faulty Condenser 

Lack of capacity is the most usual cause of condenser failure 
and resultant pitting of the contact-breaker points. This pitting can, 
however, be caused by a condenser which is of too low or too high a 
capacity, as well as by an actual failure of the condenser. It is not 
possible to check whether condensers are over- or under- capacity by 
any standard shop test. They should be allowed to operate for a few 
thousand miles before a check is made. If, after a few thousand miles’ 
running, a tendency towards pitting is noticed, observe which contact 
point shows signs of pitting. If the system is earthed negative, the 
formation of a hole in the said contact point indicates that the condenser 
is under-capacity, whereas if the pitting took place in the arm it would 
suggest over-capacity. If the system is earthed positive, the position 
would be reversed. Do not place too much reliance on this rule, because 
such conditions as loose connections, high charging rates, or a condition 
of high voltage would affect the position. 

M.R.O. lY. — 34 



55() [voi. IV.] ELECTRm AND ACCESSOET EQUIPMENT 



the condenser mth Qj mucjifvji. 

If tlie substitutioa of tlie master condeaser improves tlie performar 
new condenser should be fitted. It is also worth wliile, where the cost 
of tlie necessary equipment is not a handicap, to check the condition of 
the condenser by a capacity test, using reliable equipment. When 
making such tests the condenser should be jarred in order to show up 
any possible weakness due to loose connections, which are quite a 
frequent cause of trouble. 

When replacing condensers, make certain that the replacement unit 
is of rehable manufacture, preferably of the same type and make as 
originally fitted on the car, and also take care to see that external 
connections are clean and tight. 



THE ELECTMCAL EQUIPMENT ON 
THE MORKIS EIGHT AND TEN 


MOEUUS EIGHT (SERIES “E”) 

To obtaia Access to Instruments and Windscreen-wiper Control Mechanism 

F irst disconnect the ba,tfcery positive cable by relea^sing the 
pinch, bolt of the teminal lug and withdrawing the lug from the 
post. 

The starter-switch control wire should be released from its attachment 
to the scuttle just abo^e the toe-board, and the mixture-control cable 
should be detached from the carburettor. 

Disconnect the oil-gauge pipe by unscrewing the union nut attaching 
it to the oil gauge, and disconnect the speedometer cable from the hack 
of the speedometer. 

Remote the hakelite knob of the windscreen -wiper control hy slacken- 
ing its retaining grub-screw, and unscrew the central screw retaining the 
windscreen control handle on its spindle, withdrawing the handle. 

The two screws at the top of the instrument panel and the two small 
hexagon nuts located at the hack of the panel at the bottom should be 
unscrewed, thus releasing the panel, which can now be withdrawn sufSci- 
ently to giwe the necessary attention to the instruments or wiring. 

Removal of Windscreen-wiper Assembly 

The windscreen-wiper motor is released by removing the two nuts 
with plain steel and rubber washers from the inside of the scuttle, dis- 
connecting the two wires from the motor, making a note that the lead 
coloured green and purple is attached to the terminal which is nearest 
to the scuttle, and easing the motor uAvay from its attachment to the 
scuttle, tow^ards the battery. 

The wiper blade is released from its spindle by slackening the cheese- 
headed clamp-screw, enabling the arm to be withdrawn, together with the 
rubber sealing ferrule. 

The drive spindle is released from its bracket by unscrewing the two 
retaining screws, which enables both spindles, together with the connecting 
link, to be withdrawn. For the purpose of reassembly it is wise to note 
that the green and purple wire is connected to the top and the black wire 
to the bottom of the switch terminal clip. 

The connecting link is detached, when required, by removing the split 

531 
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pin, steel washer, spring, and felt washer, which should be reassembled in 
the reverse sequence. It should also he noted that a felt washer is provided 
on each side of connecting link. 

When reassembling the components it is important that the wiper 
blade should be correctly located on its spindle, so that it is parked on the 
offside and with the blade clear of the lower edge of the windscreen. 

Removing the Windscreen Control 

When the instrument p<mel is released, access is obtained to the wind- 
screen control mechanism, which can then easily be removed hy undoing 
the cheese-headed setscrew which attaches the control chain to the lug on 
the bottom of the windscreen, unscrewing the four screws attaching the 
forward end of the guide to the scuttle, and releasing the drive spindle 
from its bracket by undoing the two fixing screws, thus providing sufficient 
clearance at the forward end of the control to allow room for its extraction. 

When replacing the control it should be noted that the four holes in 
the attachment bracket are elongated to permit proper alignment, and 
that the control position must be checked on reassembly before the 
attachment screws are finally tightened up. 

Maintenance of Special Electrical Equipment 

Most of the compensated-voltage electrical equipment fitted to the 
Series “ E ” Morris Eight follows normal Lucas practice, and is attended 
to ill the manner described in the sections of the work dealing with Lucas 
equipment. 

Headlamps 

The main departure from normal practice is to be found in the head- 
lamps, which are sunk into the wings and of special design. 

These lamps are provided with dip-and-switch mechanism in which the 
nearside reflector dips on the operations of the switch, while the offside 
lamp is simultaneously switched off. 

The dipping reflector and dipping mechanism follow normal Lucas 
practice, and need no further amplification here. 

The proper focus of the bulb is attended to at the works and, provided 
it has not been interfered with and the correct Lucas bulbs are employed, 
the headlamp beam should be satisfactory. The correct bulb is a Lucas 
No, 106 of 6 volts, 24 watts. 

If the bulb needs resetting at any time, this is achieved by removing 
the lamp front by unscrewing the attachment screw at the bottom of the 
rim, withdrawing the rim in an upward and forAvard direction, and setting 
the bulb in one of the three alternative notches provided in the bulb 
holder till the best illumination is obtained. It is essential after each 
adjustment to check the effect with the front in position, and the other 
lamp should be covered so as not to confuse the result. 
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1. — WlRINGJ DIAGRAM OP TEE MORRIS ElGHT (SERIES “E") CAR 

Lucas 6-volt electrical equipment is used, as follows 


Eyriamo : C45YV A108 
Starter : M35G L2 
Switch: LLC2Li7 
Regulator and fuse unit : 
Battery: STXWi) E 
Coil: 6Q6L 


Accessories fuse, 25 amps 
Dipping reflector fuse, 10 amps 
Balbs : Main, No. 106 ; pilot, Ko. 200 ; 
RF91 L “stop” tail lamp, No. 2€0 ; ignition 

warning light, No. C252A ; panel lamps, 
No. 200 ; traftieators, Ko. 255 

{Joseph Lucas, Ltd.) 
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Dynamo : C45y V L 

iStartDr : M418G L 

Switch : D LC2 L43 

Begiilafcor and fuse unit : RF91 L4 

Battery : STXW9A or BNW9A 

Distributor : DK4A A 109 

Coil : Q12 L 


Accessories fuse, '25 amps. 

Dipping reflector fuse, 5 amps. 

Bulbs : Headlamps, No. 54 ; side, “ stop,” 
and tail lamps, No. 207 ; ignition warning 
light, No. C252A ; panel lamp. No. 1224MI ; 
trafficators. No. 256 
{Joseph Lucas, Ltd.) 
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Skould the beam of the lamps be pointing too far upwards or down- 
wards, or too miioli to one side, the alignment may he corrected, after 
remoTing the lamp front, hy slackening the four hexagon-headed screws 
locating the lugs of the reflector to the lamp housing. The lugs are 
slotted for adjustment, and when the locating screws are released the 
reflector can easily be moved into the desired position. 

Here, again, it is essential to test the results of the adjustment with 
the front replaced, before tightening up the locating screws. 

If the Dipping Reflector Sticks 

Should the dipping reflector become stuck in one position, examine 
the reflector pivots, and if they appear dry, lubricate with a drop of thin 
machine oil such as ‘‘ Oflit.” 

If the bearings are free, examine the cables at the hack of the reflector, 
and make sure that they are not fouling the reflector or dipping mechanism. 

Another source of sluggishness is due to the plunger of the dipper unit 
sticking. This can usually he cured by applying the very slightest smear 
of thin machine oil on the plunger, and this is best carried out hy damping a 
piece of cloth with the oil and wiping the plunger with it. Make sure that 
an excessive amount of oil is avoided or other troubles will beset the 
mechanism. 

Damage or wear which upsets the setting of the actuating solenoid 
will often manifest itself by oscillation of the reflector. This is remedied 
by resetting the gap of the switch contacts, which should have a clearance 
ofbetween -OlOin.and -OlSin. when the solenoid plunger is fully withdrawn 
into the solenoid. The switch gap is set by packing under the pin at the 
end of the plunger, as this adjustment is seldom called for. 


MORRIS TEN (SERIES 
Balancing the Trafficator Switch 

In cases of complaint that the self- can celling traflieator switch is not 
functioning correctly in both directions,, rebalancing of the self- cancelling 
switch may be necessary. 

Attention to the switch should be carried out in the following manner : 

Disconnect the positive terminal from the battery, and separate the 
wires leading out of the base of the steering column at the four connecters 
which are to he found just in front of the front offside eii^nne bearer 
bracket. Unsolder and remove the four end caps from the wires. 

Slide off the rubber sheathing from the cables and unscrew the hexagon 
nut from the tube projecting from the bottom cover of the steering- 
gear box. With a suitable drift of soft metal, carefully tap the bottcun 
end of the projecting stator tube through the olive of the locking nipple 
as far as it will go. 
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This will enable you to withdraw the control disc in the centre of the 
steering into the car some 4 or 5 in., so that the switch mechanism at 
the upper end of the stator tube is exposed. 

The front wheels should now be set in the straight-ahead position, 
and the trip ring located in the hollow centre of the steering wheel 
adjusted so that the knock-off cam is located exactly at the bottom of the 
wheel in the six o’clock position. This is effected by releasing the screw 
which passes through the side of the steering-wheel hub, thus pressing 
the trip ring, which can he moved into the desired position. 

When the desired position has been attained, the locking screw in the 
hub should he tightened up again, enabling the stator tube and switch 
assembly to be pushed back into position with the switch at the top of 
the steering wheel at the twelve o’clock position, taking care to see that 
there is sufficient clearance between the baseplate of the switch and the 
steering wheel to prevent contact at this point. 

The locking olive is next placed over the lower end of the stator tube 
where it projects from the bottom cover plate of the steering-gear box, 
followed by its hexagon nut, which should be tightened up while an 
assistant ensures that the switch assembly does not move at the upper 
end. 

The caps may now be soldered to the wires and the wires recon- 
nected to the connecter on the cable harness. 

Withdrawal of the Instrument Panel 

Remove the bakelite handles of the windscreen-wiper control by 
releasing the small gruh-screw attaching them to their spindles. 

Disconnect the positive cahle from the battery by releasing the 
pinch-bolt of the terminal lug. 

Unscrew the union of the oil-gauge pipe from the oil gauge, and release 
the speedometer cable from its attachment to the speedometer. 

Unscrew the two screws at the top of the instrument panel and the 
two small nuts located at the back of the panel at the bottom, just below 
the speedometer and oil-gauge dials. 

This will enable the instrument panel to be withdrawn, raising it to 
clear the control spindle for the speedometer trip. 

The instruments are attached by bridge pieces or ring clamps, and 
their withdrawal presents no difficulty. 

Removal of Windscreen-wiper Mechanism 

In order to remove the windscreen- wiper mechanism it is first neces- 
sary to withdraw the instrument panel from the fascia board as already 
described, not forgetting to disconnect the positive cahle from the battery. 

Lift the offside bonnet panel and disconnect the two leads from the 
windscreen-wuper motor, noting for purposes of replacement that the 
purple-and-black lead is attached to the terminal nearest to the scuttle. 
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Remove the wiper hla-des from their spindles by releasing the cheese- 
headed attachment screws, and withdraw the rubber sealing ferrules. 

Withdraw the dual-operating mechanism links by extracting the 
split-pins from the three bearing pins, noting that the correct order for 
reassembly is : felt washer, link, felt washer, pkin steel washer, spring, 
plain steel washer, split -pin. 

Remove the blade -spindle assemblies by undoing the two round- 
headed screws having spring and plain washers, which locate each 
spindle to its bracket. The oiBfside spindle assembly incorporates the 
control switch, of course, and carries two leads for the switch. 

Should the switch wires he disconnected at any time, remember that 
the top lead is the green-and-pnrple, and the lower lead the hlack one. 

When reassembling, care must he taken to locate the wiper blades 
correctly on their spindles, remembering that the nearside blade should 
park on the nearside and the offside blade on the offside, and that the 
blades should lie clear of the bottom edge of the windscreen when in the 
parked position. 

The windscreen-wiper motor, is attached to the engine side of the 
scuttle by two long screws, and is readily removed by releasing these 
screws. 

When replacing the motor, do not forget the insulating pad on which 
it seats. 



COIL IGNITION 

OPERATION, FAULT LOCATION, AND REPAIR 

r is essential to be fully conversant witli certain fundamental electrical 
principles before those interested in the location and remedy of faults in 
coil-ignition equipment can be fully successful. 

Principle of Operation 

Fig. 1 shows a coil of wire connected across a battery through a 
switch. When the switch is closed a current will flow through the coil of 
■wire. It sets up magnetic lines of force, as shown in Fig. 2, which are 
known as a magnetic field. If a piece of soft iron is placed in the centre 
of the coil, as in Fig. 3, the number of lines of force is increased, because 
iron is an excellent conductor of these magnetic lines of force known as 
magnetic flux. 

Now, if -we place a conductor in this magnetic field so that it forms a 
closed circuit [set Fig, 4), and place in this circuit a delicate measuring 
instrument, such as a galvanometer, we will find that at the moment 
that w’e connect the battery a momentary flow of current will take 
place, and similarly when the battery is disconnected a momentary 
current will again flow. In short, when a change in the rate of current 
flow through the coil connected to the battery takes place, a current is 
induced in the conductor through the medium of the magnetic field. It 
is to be clearly noted that current is only induced during the small period 
during which tiiere is a change in the rate of current flow. 

The amount of current induced in the conductor is dependent upon 
three things: (1) the number of magnetic lines of force with which it 
conies into contact ; (2) their intensity, and (3) the rate of current 
change. 

The Ignition Coil 

If, therefore, we make the conductor take the form of a coil closely 
embracing, hut insulated from, the coil connected to the battery, and give 
this second coil a large number of turns, obviously we shall obtain in it a 
very large induced current, which can be made very considerably stronger 
than the battery current. This arrangement is shown in Fig. 5. 

Here we have an iron core composed of a bundle of soft iron wires, 
on which are wound several turns of, say, 2D S.W.G*. enamelled copper 
wire insulated from the core ; over the top of this, hut in no way con- 
nected, are wuund a great many turns of a much finer wire — say, 45 S.W.G. 
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Fig. 1. — The gie- 

CTIIT A.T EEST 

Tliat is, the 
switch in the off 
position. 


Fig. 2. — CUBItEilT TIiOWING 
throtjgh: cmcurr 

Showing magnetic lines of 
force "which are set up in coil 
at right angles to the current. 


Fig. 3. — Ah ieon coee pieced in 

COIL INCREASES THE HtmBEE OP 
LINES OP FORCE 


enamel- covered— the two ends of this winding being brought out to a 
spark gap. 

In order to identify the two coils, the one connected to the battery is 
known as the “ primary coil,” and the one in which current is induced is 
known as the ‘‘ secondary coil.” 

The primary coil in practice consists of a few turns of relatively 
heavy-gauge wire, while the secondary winding consists of a large number 
of turns of fiiie-gange wire. 

How High Voltages are Obtained 

In the case of the primary winding the current generated is very small, 
and is taken care of by means that are described later in this chapter. 
The current induced in the fine winding is, however, of a much higher 
value, owing to the great number of turns embracing the magnetic flux. 
Tor example, let us assume that tlie flux change is such that in one turn 
or loop 1 volt is induced. Then, if one thousand turns or loops are con- 
nected ill series in the secondary winding, the voltage induced will be 
1,000 volts. 

The Contact Breaker 

In practice a simple make-and-break switch, operated by a cam driven 
from the engine, is used to oj.ien and 
close the circuit of tlie jwimary coil, 
the opening and closing of this switch 
being timed to coincide with tlie point 
at which the spark is required. This 
switch is referred to as the “ contact 
breaker,” as in Fig. 6. 

In the sequence of events described 
and illustrated in Fig. 5, there would 
be no spark at the spark gap wFen the 



Fig. 4-. — A Gl'RRENT IS INDl'CED IS A 
LOOP OF WIRE BY ALTERING NEMBEE 
OF MAGNETIC LINES OF FORCF. EM- 
BEACED BY THE WIRE 
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Fig. 5 . — The phiitciples nxu- 
STRA^TED m FIGS. 4 AND 5 
COMBINED 

When the switch is opened a 
large volta-ge is induced in the 
great many turns of the finer 
wire. By means of the con- 
denser shown connected in 
Fig. 7, this operation is made 
to cause a spark at the gap. 


switch was opened, and the dux would fade 
away unless the gap was extremely small. 

The reason for this is because tlie current 
ill the primary winding still tends to flow when 
the switch is opened as indicated by an arc at 
the switch contacts. Once a current is set in 
motion it resists being brought to a standstill 
and acts as though it possessed weight, and, 
again, there is the induced voltage from the 
magnetic flux, which acts as a sort of back 
pressure. This current prevents a rapid fall 
of magnetic flux, and causes the flux to de- 
crease slowly and become ineffective for 
inducing a high voltage in the secondary 
winding sufflcient to jump the required spark 
gap. 

Why does no spark occur at the spark gap 
when the switch is closed and the current in 
the primary magnetises the iron core, thereby 



changing the lines of force embraced by 
the windings ? Because the rate of change 
is too slow ; the primary takes a certain 
time to build up. 

Why a Condenser is Used 

The secondary voltage is built up 
sufficiently to jump the spark gap by 
connecting a condenser across the switch 
or make-and-break. The condenser also 


Fig. 6. — A CONDENSER ACROSS THE 
SWITCH OR CONTACT BREAKIEB IN 
THE PRIMARY CIRCUIT PREYENTS 
THE SPARKS OCCURRING AT THE 


prevents the spiark occurring at the con- 
tact-breaker points when they open. Fig. 6 
shows the addition of a condenser to the 


POINTS WHEN THEY OPEN primary circuit. 


A condenser in some respects re- 
sembles a reservoir. It is a device which absorbs and holds an electric 


charge, and gives off the charge w^hcn its terminals are connected in 
circuit. 


The construction varies slightly according to requirements. A coil 
condenser is usually built up) of alternate strips of tinfoil insulated from 
each other by waxed paper, each alternate strip of tinfoil being connected 
similar to the positive and negative plates of a battery, the waxed paper 
acting as the separators. To facilitate manufacture, the paper type of 
condenser is made in a long strip rolled up, fltted and sealed in a metal 
container and made juuctically airtight. 

The magneto condenser is more open, and is constructed of alternate 
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sheets of mica- and 
tinfoil, the whole 
assem bly being 
pxessed together 
and varnished. 

Haw the Condenser 
Works 

The condenser 
offers an alternate 
and easier path to 
the cnrrent, w^hich 
would cause the arc 



across the points. — ^TnEOREncAx idiagram showing bsseotial pabts of 

It brings the current 
in the primary to 

rest almost instantaneously, thereby causing the magnetic flux to fall 
to zero with great rapidity and induce a very high voltage in the secondary 
eircnit. 


At the moment the contact points open, the voltage from the primary 
across the condenser "will he at its maximum and the condenser will 


become charged at this voltage, but the smallest fraction of a second later 
the voltage on the primary circuit will have begun to fall below the voltage 
of the condenser, and consequently the condenser will discharge itself on 
the primary winding in the reverse direction, and thereby further assist 
in bringing the primary current to a standstill. This sequence of events 
takes place with a rapidity that is almost beyond imagination. 


IGNITION COILS 

There are several types of ignition coils in use, hut the underlying 
principles are the same for each. The variations are chiefly in the method 
of construction. 


Current Consumption of Coil 

The current consumption of the coil when the engine is running 
ordinarily is in the neighbourhood of 1 amp., due to the intermittent 
make-aud-hreak. The faster the engine runs the lower will be the 
consumption of the coil, and vice versa. 

The current consumed by the primary with the engine stopped varies 
from 5 to 10 amps., according to the make of coil. 

The current consumption of a coil is less when the engine is running at 
high speed because the primary is in circuit over a shorter period of time, 
owing to the rapid make-and-hreak. As the speed of the engine increases 
the strength of the high-tension current decreases slightly, but providing 
that the correct coil and distributor are used, the high-tension spark avail- 
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al)le is well above its 
required intensity for 
the absolute maximum 
speed of the engine. 

Internal Connections of 
Ignition Coils — Earth- 
return Coil 

The secondary wind- 
ing is conneeted to the 
primary if the coil is 
earth-return, as shown 
in Eig. 8. This has 
several advantages : 

(1) It reduces the 

possibilities of the secondary winding breaking down and sparMng on 
to the primary, because it is obvious that one end of the secondary has 
got to go to earth and act as the return for the high-tension current 
jumping across the plug points. 

(2) The coil case does not need any particular attention in fitting by 
way of earthing to the frame of car ; and 

(3) It obviates the possibilities of breakdown of the secondary to coil 
case. 

It will, of course, be obvious that the secondary has a perfect path to 
earth through the battery and earthing strap. 


’^Earthed earthing of the 
coH case is immaterJai 
Fig. 8. — Details of an earth- 

CIECUIT 

Compare with msulated return system shown below. 


COIti-XGNITlON 


Insulated-return Coil 

The secondary of an insulated return coil is earthed to the metal case, 
because it is the only direct path to the frame of the car, and it is essential 

to see that this type of 

H.T. to DJstrfhutor 


To ignition 
Smtch 



Fig. 9.- 


-DETArLS OF AN INSULATED-EEFURN COIL -IGNITION 
SYSTEM 


coil is efficiently earthed. 
It will be seen by trac- 
ing out the secondary 
circuit ill Eig. 9 that 
the only way in which 
the high-tension current 
can go to earth is by 
way of the coil case or 
by leaking and j limping 
to earth through insu- 
lation of the lighting 
wires. If, therefore, the 
coil is not sufficiently 
earthed the secondary 
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has to find am alternatiYe path to earth. 
— this will put a strain on the secondary 
winding, which will result in the insula- 
tion breaking down on the winding, 
allowing the secondary current to jump 
to the primary and then to earth via 
the car wiring. 




Operation of Contact Breaker 

The contact breaker in Figs. 8 and 
9 takes the place of the switch in. 

Fig, 1. There will also be a controlling 

switch in the battery circuit for switch- B 

ing on and off. In each case the L 

condenser is connected directly across ^ 

the breaker points. 

. f. , , ^tg. 10. — Plait of a. double -LEVE iit 

I lie rotating cam opens and closes type distbibtjtob 

the points, allowing the battery-current a, contacts. B, looking screw, 
to flow through the primary winding. adjustment screw. D, wick lub- 

-Ihenuniberoflobesoathecamdepends JXt?ingTi=k:®’ 
on the ntiniher of cylinders on. the 

engine. A four- cylinder engine will have a four-lobe cam, a six-cylinder 
a six -lobe cam. There are, however, exceptions to this rule in the case of 
six-cylinder and eight- cylinder engines. The contact breaker in Fig. 10 
has a three-lobe cam with two sets of contact points, which are arranged 
to open alternately. This arrangement is also used on eight-cylinder 
distributors. 


Since each cylinder of a four-cycle engine fires once every tw'o revolu- 
tions, it is obvious that the cam will run at half engine speed. 

Having studied the principle and layout of the coil -ignition system, 
let us now proceed to examine defects and remedies. 


FAULT LOCATION ON COIL-IGNITION SYSTEMS 
Simple Lamp Testing Equipment 

The most useful piece of testing apiparatus for fault location on coil- 
ignition systems is a 12-volt, 24-watt S.B.C. lamp wired to a miniature 
lamp holder, and about a yard of twin flex. 


See that Battery is Charged 

In the following we are assuming that in every instance the battery is 
in a reasonably charged condition sufficient to supply the current neces- 
sary for the coil primary. This can be checked by switching on the lights 
and trying the self-starter. If this w'orks satisfactorily without unduly 
dimming the hglits, the battery may be judged to be satistactoiy . It is as 
well to point out at this juncture, however, that very often the lights will 
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appear normal, "but on using the starter they will dim considerably. 
When these circumstances obtain, starting should be done by hand, 
because the starter will be putting too big a load on a partly discharged 
battery, the result being too great a drop in voltage to allow the coil to 
function. 


IF CAR REFUSES TO START 
Is Primary Circuit in order? 

The first thought in this case should be — is the circuit in order ? This 
is usually indicated by the discharge reading on the ammeter, when the 
ignition is switched on. Should. any doubt exist, however, this can he 
proved by removing the distributor cap and connecting the 12-volt test 
lamp across the contact points. The engine should then be cranhed hy an 
assistant and when the points open the lamp should light. As the points 
close again the lamp should go out. If no assistance is available, the open- 
ing and closing of the points may be done by flicking with the finger. 

Indications of Defect in Wiring or Connections 

When performing this operation, it should be observed that there is a 
definite clearance between the rocker-arm heel and cam when the points 
are closed. When using a 12- volt lamp on a 12-volt circuit, it should glow 
to full brilliancy when the points are open ; this will indicate that the 
current passing is sufficient to work the coil. Should the lamp not glow to 
its full brilliancy, then there is a resistance in the circuit due to some defect 
in connections or wiring. It is, of course, obvious that a 12-volt lamp 
used on a 6-volt circuit will glow to only half brilliancy. Should you 
wish to^use a 6-volt lamp for this test, a 6-volt, 18-watt is recommended. 

Faulty-contact Points 

If the lamp remains alight or dims slightly when the points appear 
closed, this indicates faulty contact at points, due to one or more of the 
following causes : sticking rocker arm (rusted or tight on fulcrum pin) ; 
badly burnt and oxidised contacts ; rocker-arm heel not clearing cam in 
closed position (due to point gap being too wide). 

The point gap should be not less than 15 thousandths, not greater than 
18 thousandths (consult maker’s recommendations). 

Short-circuit or Open Circuit 

A definite open circuit or short-circuit is indicated if the lamp does not 
light at all. 

Testing for short-circuit 

Remove the distributor battery wire and connect the test lamp in 
series with the battery wire and distributor terminal. 
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FAULT -TRACING CHART FOR COIL IGNITION 


Symptoms Likely Ca uses of Tro uble 


(A) Misfiring on one cy- (1) H.T. cable detached ; (2) cable in- 

linder. snlation faulty; (3) wires broken in 

cable ; (4) plug fouled or faulty ; 

(5) ping gaps large ; (6) tracMng over 
distributor surface — externally to 
earth — ^intemally between segments, 

(B) Mis&ing irregularly on (1) Loose L.T, connection ; (2) dirt or 

all cylinders at all speeds. moisture on distributor or ignition 

coil ; (3) contacts dirty, pitted, or 
worn ; (4) broken contact -lever 

spring ; (5) loose contact screw ; 

( 6) tracking over between distributor 

segments ; (7) faulty ignition-coil 

H.T. cable ; (8) intermittent short 
on L.T. wiring ; (9) plug gaps large ; 
(10) plugs leaky ; (11) ignition coil 
faulty ; (12) condenser faulty ; (13) 
badly worn distributor brush and 
segments; (14) battery connection 
loose or corroded ; (15) acid level 

very low; (16) battery defective. 

(0) Misfiring irregularly on (1) As Bl, 2, 3, and 5 ; (2) contact gap 
all cylinders at high large ; (3) plug gaps oversize ; (4) 
speeds. plugs leaky ; (5) ignition-coil cable 

faulty ; (6)asB13; (7) ignition coil 
faulty ; (8) intermittent short on 

L.T. wiring. 

(B) Misfiring on hills or , (1) Plug gaps large ; (2) plugs leaky ; 
when accelerating, or (3) dirt or moisture on distributor 
timing retarded. or coil ; (4) contact gap large ; (5) 

tracking over between distributor 
segments ; (6) as Bl3 ; (7) ignition 
coil failing. 


MC.R.O. IV. — 35 
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FAULT-TRACING CHART FOR COIL laNlTlON—Contd. 


Symptoms Likely Games of Trouble 


(E) Misfiring at low speed | (1) Plug gaps small ; (2) contact gap 
and bad starting. ' small ; (3) contacts dirty, pitted, or 

worn ; (4) poor L.T. connection ; 

(5) battery connection loose or cor- 
roded ; (6) acid level low ; (7) bat- 

tery discharged ; (8) battery defec- 
tive. 

(P) Engine will not start ( 1 ) Battery discharged; (2) battery 
(no spark from coil). defective ; (3) battery connection 

loose or corroded ; (4) open circuit in 
L.T. wiring ; (5) ignition-coil H.T. 
cable faulty; (6) contacts dirty; 
(7) broken contact lever spring ; (8) 
loose contact screw ; (9) ignition 

switch, faulty ; (10) ignition coil 

defective ; (11) condenser defec- 

tive. 

((t) Engine will not start (1) Excessive moisture on plugs or dis- 
(eoil O.K.). tributor ; (2) plugs very leaky due 

to moisture internally ; (3) plugs 

fouled ; (4) distrihutor-brusli holder 
faulty. 

(E) Low' niaximimi road | (1) Plugs leaky ; (2) plug gaps large ; 
s[)eed. (3) contacts dirty, pitted, or worn ; 

(4) contact gaps large ; (5) contact- 
lever spring weak ; (6) ignition coil 
failing. 

(I) Engine gets unduly hot,! (1) Ignition lever retarded ; (2) auto- 
matic governor sticking ; (3) incor- 
I reot timing ; (4) plugs leaky. 
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li the short circuit is in the distributor, the lamp will remain alight all 
the time, and the trouble will most probably be traced to an earthing 
rocker arm, due to the arm having become loose on the bush and dropped 
on to the distributor base. 

Testing for Open Circuit 

When testing for any defect in a cii*cuit, always start from the source 
of supply ; in this case, therefore, start from the ignition switch and not 
the distributor. 

If the equipment is earth return, connect one wire of the test lamp to 
earth, remove the battery whe from the distributor, and be sure to keep 
it clear from earthing, ifow with the switch on proceed to make contact 
with the other end of the test-lamp lead at all the available points in the 
circuit. 

The first point would be the live side of the switch, then the coil side, 
next the switch side of the coil, then, distributor side of the coil, and, lastly, 
the distributor wire at the distributor end. At every point contacted 
with the test lead a lighted lamp should result. If you come to a point, 
say, for instance, the distributor side of the coil, and find that no light can 
be obtained, but a hght is obtained on the switch side of the coil, it is 
obvious that the break is in the primary of the coil. 

Is Ignition-coil Secondary Circuit in Order ? 

Let us assume that the ammeter in the very first instance has led us to 
assume that the primary circuit is in order. Our next consideration must 
be a defect in the secondary circuit. 

A quick test may be made by removing the high-tension cable from the 
coil terminal and inserting in its place a piece of copper v'ire, or any other 
piece of wire that is handy, and arranging it in such a manner that it 
will allow the high-tension spark to jump to the frame of the car ; the gap 
should be about 5 mm. 

The ignition should now be switched on and the engine cranked by 
hand or the self-starter, if satisfactory, and at each break a spark should 
jump the gap between wire and frame. The test may be carried out 
single-handed by removing the distributor cap and setting the points in a 
closed position and then flicking them with the linger. 

If on making this test you find that no spark occnrs at the gap, close 
it to about 2 mm. and repeat the operation ; if a spark occurs now, it is 
obvious that the coil is either very weak or there is some other defect in 
the circuit ; in all probability a faulty condenser or condenser connect ion. 
In this case the coil should he removed for further bench test . The same 
remarks apply to a coil that shows no s|)ark at all. 

Should the coil test be O.K., the next point to be considered is the 
high-tension circuit, and the following components should be carefully 
examined. 



548 [VOL, 17 .] ELECTRICAL AND ACCESSORY EQUIPMENT 

High-tension Wire from Coil to 
Distributor 

You will sometimes find 
that the terminal sockets are 
burnt or badly corroded at their 
base. This is due to the wire 
having been badly fitted and 
not pressed home . It is essential 
that the proper type of thimble 
is fitted to ensure proper con- 
tact. If the burning has taken 
place to any great extent, a new 
coil or distributor cap will be 
necessary. 



Engine Misfires 

Misfiring may be due to a 
weak coil, but is more often the 
result of some defect in the 
high-tension circuit, such as a 
tracking distributor cap or 
rotor. Eaulty plugs or plug 
leads may be tested by remov- 
ing the wires one at a time and 
testing for spark jumping to 
frame of engine. The wire 
should be held well away from 
the terminal end and allowed to jump a gap of about J in. Do not allow 
the engine to run with a plug lead disconnected so that the spark cannot 
jump to earth, as this will put a strain on the coil and distributor cap and 
inav result in a breakdown of the insulation. 


Fig. 11. — Consistent misfiring on one oe 

MORE CYLINDEES MAY BE DUE TO A TEACHING 
DISriUBTITOR CAP 

This can be located on sight by a thin black 
zigzag line, which looks like a crack, between 
two segments. It is caused by the spark jump- 
iiig from on© segment to the other instead of 
between, the points of a faulty sparking plug. 


Tracking Distributor Caps 

Tracking distributor caps and rotors are often misleading, and will 
cause a consistent misfire on one or more cylinders. Usually a tracking 
distributor cap can be located on sight by a thin black zigzag line between 
two segments, which is often mistaken for a crack. However, on testing 
the cap with high-tension test leads the spark will be seen to jump or 
run across from one segment to the other. This is what actually happens 
when the engine is running, due to the fact that the resistance at the plug 
points in the cylinder under compression is much greater than the cylinder 
to which the adjacent segment is connected, the plug in this instance 
being on the exhaust stroke. The high-tension current, taking the line of 
least resistance, jumps hack to the previous segment. 

The majority of insulated distributor components are made from 
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bakelite . This material has a very hard and polished finish when removed 
from the mould, but should the surface he scratched or roughened it lias 
a tendency to collect dust and moisture. Dust and moisture will, of 
coursej collect in any case, but not to any great extent on a .smooth 
surface. 

In view of the foregoing remarks, it will he readily understood that the 
practice of attempting to rub out the tracking marks with emery- or glass- 
paper is absolutely useless, because the tracking will inevitably take place 
again in a very short time. Moreover, it will be observed that the actual 
track is very deep and is tilled with carbonised powder from the effects of 
jumping sparks. 

There is only one remedy for a tracking cap or rotor, and that is a new 
component. It is also very important to use only the genuine replace- 
ment parts to ensure the segments being in the correct position, the centre 
contact, the correct height and the rotor segment not fouling the distri- 
butor segment. 

The Cause and Prevention of a Tracking Distributor Cap 

The continual spark jumping the small gap between the distributor 
rotor segment and the cap segments in an enclosed air space results in the 
deposit of a nitrous powder in the cap ; this is, of course, conductive of 
electricity. 

Most distributor caps of the jump-spark type are now ventilated in an 
endeavour to prevent this deposit. The cap should, however, he cleaned 
occasionally with water, which is a solvent of the nitrous deposit. The 
cap should he thoroughly dried before refitting. Do not wash the cap 
with petrol. 

Other Causes of Misfiring 

Other causes of misfiring are defective points, condenser, or sticking 
rocker arm. With regard to the contact points used on battexy-ignition 
systems, these are tipped with tungsten or a tungsten allo}" ; platinum is 
not suitable, and should not be substituted for tungsten with the idea of 
getting better results. The amount of current flowing in the coil circuit 
is much heavier than that in a magneto armature, and as platinum is a 
much softer material the points will quickly burn away when used on a 
coil-ignition distributor. 

Defective Points 

The defects to he looked for on ooil-ignition contact-breaker points are 
pitted points, gap too wide or too close, and formation of a yellowish 
powder round the edge of the tungsten tips. 

If the points are badly burnt or ])itted, they can be refaoed with a 
piece of emery-paper or an oil stone, but only as a temporary measure. 
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Fi(j. 11a.- Th:sTiN(.; a coil ky mkans ot’ E cnbakkn' iiinit-srjEwi) KJNiaiON and battery 

TESTER 

The .H -T. It'ad from (‘oil to <listril)iitor is witliclraw'ji from centre of distributor and is 
sliovvti coupletl to one point of the spark gap on top of tbe instmineiit. The other point is 
earthed. The reinaiihng lead from the instrument is clipped to the L.T. wire from coil to 
( listribntor. AVith ignition switch on, rotate handle slowly and rapidly. Regular sparking 
across test-gap indicates a perfect e.oil. Intermittent or no sparking indicates a faulty coil 
A condenser test is made with the machine coupled up in the same maniiBr, bub with a small 
eoiulcnser switcdi on the hack of the machine placed “ off.” Other parts of ignition system 
c-an also be testetl with this instrument. 
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The usual defect v^ith tungsten points after tliey have been in commis- 
sion for a period is the forming of a, pip on the rocker-arm contact and a 
crater in the tip of the stationary contact. 

Condenser Defects which cause Misfiring 

Loose condenser connections, faulty earth connection, or weak con- 
denser are causes of misfiring. The condition of the points is a good guide 
to the condition of the condenser. If the points are badly burnt the 
condenser should at once be suspected, and if there is a yellowish powder 
around the edges of the contacts the condenser is almost certain to be 
faulty. 

Sticking Rocker Arm 

This is invariably due to lack of lubricant on the fulcrum pin, resulting 
in the pin commencing to rust. The same effect can, however, he caused 
by the rocker-arm spring losing its tension. 

Gap at the Contact-breaker Points 

If the gap is too wide it will result in the points being open over a 
longer period, and consequently the primary will have less time in which 
to build up ; the ignition will also be slightly more advanced, due to the 
fact that the paints will open sooner ; this may also cause the jump spark 
at the rotor to he too early and take place before the rotor segment and 
distributor segment are overlapping, and it will most certainly cause 
cutting out at high speed. You may also find that on some sides of the 
cam, if it is at all -worn, the rocker-arm heel is not clearing properly. 

This state of affairs invariably results in the burning of points, and also 
tends to retard the ignition. If the camshaft is at all worn, the points at 
c;ertain speeds will not open on every lobe of the cam. The camshaft 
can be tested by setting the points in the fully open position and rocking 
the cam shaft to and from the contacts, noting the difference in the gap. 
In very bad eases you will find that the points can he opened and closed 
by this action. 


BENCH REPAIRS AND SETTING 

Having diagnosed the defects, let us now proceed with the method 
of bench repairs, and in doing so we will assume that our distributor is in 
a very bad state of repair, necessitating a complete overhaul. It is 
not practical to name one distributor in particular, so the following 
remarks may be applied to practically every type and make of unit. 

Preliminary Test 

It is a wise jxjlicy to run on test for a few moments the distributor 
that is to he repaired, in conjunction with your test coil, or its own coil. 
The distributor should he coupled up to your testing apparatus and 
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revved ” up to at least 2,500 r.p.m., with the high-tension wires con- 
nected to a set of three-point spark gaps or other test equipment avail- 
able. The preliminary test should conhcm yonr diagnosis of the trouble 
on the car. 

Now Dismantle 

Let us now completely dismantle the distributor, and examine all 
parts with a view to assembling and replacing defective components. 

Remove distributor cap, rotor, condenser, points, and breaker plate. 
Next remove driving gear and withdraw camshaft. In the case of units 
having automatic assemblies, the automatic assembly can, in most cases, 
he withdrawn separately from the cam driving shaft . 

If the Cam is Worn, Replace It 

The first component to be considered is the camshaft and cam. It 
is very seldom necessary to renew a cam owing to its having worn. How- 
ever, if the cam is worn, do not attempt to reface it ; not only is this a 
waste of time when compared with the price of a new cam, but you will 
inevitably find on fitting a refaced cam that the points are opening un- 
evenly on the different lobes of the cam. 

The Automatic Advance Springs 

If the distributor be of the automatic advance type, take care when 
reassembling to see that there is no excessive wear on the governor 
weight locating pins, and particular attention must he paid to the control 
springs. Do not on any account stretch these ; if they are already 
stretched they should be renewed by genuine replacement springs, other- 
wise the whole balance of the automatic mechanism will be thrown out of 
proportion with the speed of the engine. 

Balance Weights 

The baseplate to wiiich the balance weights are pivoted should be 
closely examined for tightness. There have been occasions when this 
plate has been loose and caused no end of trouble by throwing the distri- 
butor out of timing wdth the engine . 

The Contact-breaker Points and Rocker Arms 

After fitting the camshaft assembly, the next operation is the fitting 
of the points. As mentioned earlier, automatics usually have a breaker 
plate on which the contact points and rocker arms are carried. The rocker 
arm, as a rule, is the insulated contact, and should therefore be tested 
w'lieii fitted to see that it is clear of earth. With some makes the insu- 
lated bushing in tlie arm is left proud to prevent the arm earthing on 
the underside. It is essential, therefore, to see that this bush is tight 
in the rocker arm ; a loose hush has led many mechanics astray, the 
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rocker arm having tested O.K. when first 
fitted, but after a short run has dropped and 
earthed on the distribxitor base. 

How to Line Up Points which are Out of 
Square 

The points should be set in line and 
square face to face. This is most important, 
especially with high-speed engines. If the 
points are found to be slightly out of hne, 
they can be lined up by slightly setting 
the rocker arm or fixed contact support. 

It is often necessary to fit the condenser 
at the same time as the points, owing to the 
methods .6f connections. Before fitting the 
condenser, however, it should be tested for a 
puncture or low capacity. 

Testing the Condenser 

The usual method is to charge the condenser from the mains supply 
through a lamp, as in Tig. 12, then short-circuit the condenser with 
the test leads removed and note the intensity of the discharge spark. 
Tliis test is not entirely satisfactory, and needs some little experience 
before one is able to judge the approximate condition of the condenser. 
Again, this method does not commend itself on ’ alternating- current 
owing to the alternations. It is obvious that to leave the condenser 
in a fully charged condition you must disconnect your test leads at the 
moment the alternating -current cycle is at its peak. 

The most efficient workshop method of testing condensers is perhaps 
the neon-gas lamp method. This can only be used on direct -current, 
and at least 200 volts is recommended. 

The circuit is the same as in Fig. 12 for direct- ciirrent supply mains, 
hut if this is not available two 120- volt high-tension wireless batteries will 
be found an excellent substitute, as the consumption of a 200/2 20- volt 
neon lamp is only about 5 watts ; the batteries will therefore be doing no 
more work than that required for a three- valve wireless set. 

The Neon-lamp Method 

To test a condenser by the neon-lamp method, the test leads should 
be applied to the condenser connections in the ordinary way ; imme- 
diately contact is made a charge will flow from the batteries or direct - 
current mains through the neon lamp to the condenser, resulting in the 
neon lamp flashing. 

The terminal voltage of the condenser should now' be equal to the 
mains voltage, and so long as it remains so, no further current wdll flow 


J/sm ^ fm ilO t'ott 
%ppfy hXBstteries. 



Fig. 12. — Cmcuri roa testing 

CONDENSER 

The use of a Deonlampisto 
be preferred for this test. 
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through the neon lamp. Should, however, the condenser be leaking 
slightly, its terminal voltage will decrease and become considerably less 
than the battery or mains voltage. This will result in a further charge 
being impressed on the condenser, and the neon lamp will again flash. 
It will he seen, therefore, that the longer the condenser holds its charge 
the longer will he the period between each flash, and vice versa. 

When considering this test, it must be borne in mind that there is no 
connection between the condenser and battery or mains when the neon 
lamp is not glowing, because there is no connection between the anode 
and cathode in the lamp. 

In reviewing the above remarks, it will be understood that the number 
of flashes per minute will give a very good idea as to the state of the 
condenser. It should also be remembered that the test leads are in 
contact with the condenser throughout the test and need not be removed, 
as in the case of the charge and discharge test. 

How to Interpret the Test Results 

On tests with various condensers, it has been found from experience 
that a condenser may be considered fit for further service if it does not 
exceed sixty flashes per minute. Should, however, a condenser be found 
to flash with a greater rapidity, it must definitely be scrapped. A con- 
tinuous glow on the neon lamp indicates a short-circuit across the con- 
denser. 

The capacity of condensers used in conjunction with coil ignition and 
magnetos varies from *1 to -2 microfarad. 

The Distributor Cap and Rotor 

Our next consideration must be the distributor cap and rotor. 

There are three types of distributor caps now in use. The most 
common is the type in which the high-tension leads are fitted with a special 
metal thimble and pushed into a socket on top of the distributor. 

Then there is the type having a nipple and screwed bakelite nut. 
Lastly, there is the waterproof type. With this type the high-tension 
wires are laid in grooves and pierced by a sharp pin above the respective 
distributor segnnent. A cover is then fixed over the high-tension leads, 
holding tliem in position. 

What Defects should be looked for with Distributor Caps and Rotors ? 

Burnt or corroded high-tension connections, worn distributor segments 
on distributor or rotor, faulty centre high-tension contact on distributor 
()!• rotor. 

Tracking distributor or rotor. 

l^^iinetured rotor. 
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Cause of Burnt and Corroded H.T. Connections 

This is geneially brought about through the high-tension \rire having 
been removed and not properly refitted. If there is any looseness or small 
air gap between the thimble on the end of wire and the metal of tiie socket 
in the moulding, a continuous stream of sparks will jump across the gap 
and will eventually burn the socket away. 

The above symptoms are not noticeable in the early stages ; the 
engine begins to misfire only when the trouble has developed usually 
beyond repair. 

How Much Wear should be Allowed on a Distributor or Rotor Segment ? 

This is a rather difficult question to answer, owing to the fact that it 
is not possible to measure the gap with the components in position. It 
must he remembered, however, that the rotor segment does not make 
contact with the distributor segment, the air gap between the two being 
in the neighbourhood of in. Experience must play a big part in the 
adjudication of the renewal of distributor caps or rotors, and the following 
points must be borne in mind. Eirst, the greater the gap the more intense 
will be the spark and the quicker will be the deposit of nitrous acid. 
Secondly, a greater strain will be put on the coil. Thirdly, the greater 
the gap the more rapidly will the segments burn until the point of misfiring 
is reached. We would recommend that a gap not greater than in. 
should be allowed. 

How Can Faulty or Worn Centre Contacts be Repaired ? 

They cannot satisfactorily be repaired, and under normal conditions 
will outlast the life of the distributor cap or rotor. The only remedy in 
the case of a distributor cap is the renewal of the cap. With some rotors 
however, it is possible to fit new spring contacts when they are secured in 
])osition by a fixing screw. 

How Can You Test for Tracking or Punctured Distributor Cap or Rotor ? 

This may be done by rigging up a high-tension test as in Fig. 15. To 
test for tracking, apply the test prods to the adjacent distributor segments 
in turn, and if tracking is taking place the high-tension spark will jump 
from segment to segment in preference to jumping across the test -spark 
gap. The same remarks apply to punctured or tracking rotors. After 
a few tests with this apparatus various other uses will be suggested to the 
operator. 

H.T. Test 

There are various methods of devising a high-tension test, hut the 
most efficient is without doubt the rotary niake-and-break method in 
conjunction with a coil. This test can also be used for testing coils and 
magneto armatures. Tbere are various makes of test sets on the market 
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whicli are designed 
for coil, magneto, and 
high-tension tests, 
typical examples of 
which are described 
in other articles. For 
the benefit of those 
wishing to make' up 
their own test we 
give here the wiring 
circuit and layout 
[see Fig. 14). 


The Final Assembly 
of Distributor 

The distributor is 
now ready for final 
assembly and test ; 
the point gap should 
be finally checked 
up, and when fully 
open should he 
approximately 18 
thousandths. 

When fitting the 
rotor and distributor 
cap it is advisable to 
check up the relative 
positions of the cap 
and rotor segments, 
as follows : 

Mark the position 
of the distributor 
segment on the dis- 
tributor housing with 
a pencil ; fit the 
rotor in position and 
rotate the cam in the 
required direction 
until the points 
begin to open ; the 
distributor- rotor seg- 
ment should then 
be overlapping the 
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distributor segment, 8bS 
in Fig. 15. 

In tlie case of auto- 
matic-advance distri- 
butors, where the cam 
is automatically 
advanced, the rotor 
should be just over- 
lapping on the trailing 
edge of the distributor 
segment as the points 
are opening in the 
retard position, and just 
overlapping the leading 
edge when in the ad- 
vance position. 

The unit is now 
ready for a final rnnning 
test, and should he 
capable of giving at 
least 12,000 sparks per 
minute without miss- 
ing. 

Ignition-coil Bench Tests 

If a spark-jump test is used for coils, the spark should jump a gap of 
5-5 mm. at all speeds up to at least 2,000 r.p.m. 

If a buzzing is heard coming from inside the coil under test, a loose 
core is usually the cause. 

When testing a coil, the case should be tested by earthing it to the 
return side of the battery. This vull show up an earthing primary or 
leaking secondary. The right-hand test prod in Fig. 14 will act as earthing 
wire if placed in contact with coil case under test. It is also useful for 
testing distributor top for tracking. 

Distributor Design 

Owing to the great number of models, it is impossible to deal with 
each model individually . In most cases the difference is due to a difierent 
design of the rocker arm, rotor, or distributor cap. The general principles 
remain the same. 

Distributor units can generally he divided into five classes : 

(1) Single rocker arm, manual advance. 

(2) Single rocker arm, automatic advance. 

(3) Twin rocker arm, manual advance. 

(4) Twin rocker arm, automatic advance. 
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(5) Twill rocker arm, alternate make-and-break, automatic and 
manual advance. 

A Warning re Distributor Springs 

Those in class (2) are now the most common type in use. Their con- 
struction is too well known to need explanation. There is one point, 
however, that must be home in mind. Never alter the spring-tension 
arrangement of the automatic, and when renewing springs always be 
sure to fit the genuine replacement parts which have been designed and 
tested by the manufacturers to give the correct amount of advance at a 
given speed. 

Distributors in classes (3) and (4) are now being superseded by those in 
class (2), owing to the great advance in coil construction. 

The two rocker arms are in parallel, and should be set to open syn- 
chronously. The adjustment allowing this setting is carried out by an 
eccentric screw passing through the base of the plate carrying the contact 
point, the contact plate being finally locked in position by a fixing screw. 

Why Twin Rocker Arms are Sometimes Used 

The object of fitting twin rocker arms will be obvious after a moment’s 
consideration, for it will be seen that they allow double the area of contact, 
and in consequence reduce the resistance in the primary circuit of the 
coil and allow it to build up in a shorter space of time. This type of 
distributor unit was designed to suit the requirements of the high-speed 
engine, and as a matter of interest the reader can remove one of tke 
rocker arms from this type of distributor and run the distributor with 
one rocker at high speed on the test bench, taking note of the maximum 
speed at which missing takes place, then refit the other rocker arm and 
repeat the experiment, when he will find that a much higher speed can 
be obtained before missing takes place. 

Unbalanced Automatic- advance Weight Springs 

One of the pioneers of this type of distrihntor was Messrs. Delco- 
Remy, and the majority of the distributors manufactured by this com- 
pany were designed with automatic advance combined with manual 
advance. The automatic couuter-weights are held in position with small 
coil tension sprmgs, and you will note that on some distributors the springs 
are of two different sizes. This has often misled the repairer, who has 
assumed that somebody at some time has fitted an incorrect spring as a 
temporary measure. This is not so, however. The springs have been so 
calculated to allow for a quick advance on the weaker spring up to a cer- 
tain speed ; after this point the advance has been slowed down to prevent 
over-advancing. A distributor of this type was fitted as standard on the 
Talbot car. 
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Rocker Arm Alternate Make- 
and-break 

Distributors in ckss (5) are 
easily recognised by tke fact that 
the cam has half the number of 
lobes to cylinders, a six -cylinder 
cam having three lohes and an eight- 
cylinder having four lobes. 

The rocker arms are placed so 
that they open alternately. A 
study of the sequence of events 
will soon make clear the object of 
this arrangement, for it will be seen 
that the points are in contact over 
a period twice that of the contact 
on the six- or eight-lobe-cam distri- 
butor. This arrangement, again, 
allows more time for the primary to 
build up. 



Fig. 15. — How to cbeeck up thk belativk 

POSITIONS OP THE CAP AND BOTOR SE€- 
MENTS 

Mark tli© positioa of the distributor seg- 
ment on the distributor housing Tvith a 
pencil ; fit the rotor in position and rotate 
the cam in the xeqihred direction imtil the 
points hegm to open. The distributor rotor 
segment should then be overlapping the dis- 
tributor segment. 


Great care must be exercised when adjusting the points on this type 
of distributor to see that at no time are both sets of points in contact at 
the same moment, as this would cause the primary circuit to remain 
closed, as one set of points would have opened after the other set had 
closed. When rotating the camshaft hy cranking the engine, one set of 
contacts will be open, and just as they are about to close the other set 
should open ; continue cranking, and as the second set are about to close 
the first set opens again. 

If an engine fitted with this type of distributor is reported to be 
missing on three or four cy finders, as the case may he, the trouble will 
invariably be traced to one set of points not openhig before the other set 
is closed. A further adjustment is provided with this type of distributor 
by way of movement of the complete contact-breaker baseplate assembly. 


How to Remove and Refit a Distributor Head Unit 

Before removing the distributor, the procedure should be as follow s : 

(1) Crank the engine until No. 1 cylinder is on the compression stroke. 

(2) Advance the ignition lever, if fitted, or set the inicrometer adjust- 
ment of an automatic distributor to zero. Crank engine doidy until 
contacts are just about to open. Observe the position of the distributing 
electrode , and make a mark on the distributor casing directly opposite the 
electrode . 

(3) Carefully note the position of the flywheel or the distaiiee Xo. 1 
piston is down the cylinder on the compression stroke. 

(4) Remove the distributor and label the plug leads Nos. 1, 2, 3, and so 
on, according to the order of connection to the distributor. No. 1 plug 
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lead will, of course, 'be that connected to No. 1 cylinder sparking plug. 
The order of conuection to the distributor will be that in which the dis 
tributing electrode passes the segments for normal rotation. 

(5) Disconnect the plug leads from the distributor, and also the con- 
trol-rod connection from^the timing lever. 

(6) Remove the screw retaining the distributor head in its seating. 

Generally, this will be a screw passing through a slot in the timmg 

lever and having a spring under the screw head to hold the timing leyer 
down by spring tension. Since the timing lever is clamped around the 
shank of the distributor head, this unit is also held in its seating. In 
some cases a setscrew locating in a groove in the shank of the distributor 
head serves to retain the unit in position. This screw will be found in 
the side of the distributor head seating. 

(7) Withdraw the distributor-head unit. 

Upon reinstallation, the distributor head will probably be refitted 
without any difliculty if the engine crankshaft has not been disturbed 
since removal of the distributor head. If there is any doubt upon this 
point proceed as follows : 

(1) Set crankshaft for No. 1 piston position for timing as determined 
prior to removal. 

(2) Turn the distributor-head spindle so that the electrode is opposite 
the mark made on the casing. 

(3) Insert distributor head in its seating with the timing lever, if 
fitted, in position for connecting up to the control rod when the latter is 
fully advanced, 

(4) Note whether contacts are just on point of opening. If the gears 
are correctly meshed this will he the case, and the electrode will also he 
opposite the mart on the casing. If it is not, try remeshing the gears 
until the desired position of electrode is obtained. 

(5) Should it not be possible to refit the distributor head with the 
electrode correctly positioned, the nearest gear meshing should be 
obtained. 

(6) Fit the distributor -head retaining screw and loosen the timing- 
lever clamping screw^ Now turn the distributor head until the mark on 
the casing and the electrode are coincident and so that the contacts are 
just about to separate. Then tighten the timing-lever clamping screw. 

(7) Reconnect the plug leads to the distributor in order of rotation of 
the distributing electrode, making sure that No. 1 plug lead is correctly 
connected to the terminal, the segment of which is adjacent to the 
electrode. Refit the distributor. 
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SWITCHBOARDS, SWITCH PANELS, SWITCHES, 

AND ACCESSORIES 

A WIDE range of C.A.V. switctboards and switch, panels are in tise, 
and they vary considerably in size and shape according to the class 
of service for which they are intended. In the following, the types 
dealt with are those in most common use and which are likely to he met 
with frequently. 

SWITCHBOARDS 

Switchboards usually provide the means for controlling lighting, 
starting, and ignition in conjunction with compensated voltage-control 
equipment. The smaller types will often be found assembled into large 
panels, together with instruments such as speedometers, oil gauges, etc., 
which form conveniently grouped units for building into the veliicle 
dashboard. Some panels are also arranged for clamping to the steering 
column, an arrangement which is particularly suitable for vehicles 
arranged for forward control when space is often very limited. 

Dynamo Warning Light 

On the majority of switchboards a red dynamo warning light is fitted, 
which is controlled by the ignition or pilot switch, and operates as follows : 

It lights immediately the ignition or pilot switch is turned to the 
‘‘ 02^ ” position, and remains alight until the dynamo reaches ciitting-in 
speed. The lamp will relight when the dynamo speed drops below 
cutting" out speed, or if for any reason the dynamo ceases to generate. 

With coil ignition and engine stationary it indicates that the battery 
is discharging through the ignition coil. 

Starter Switch 

The small starter switch fitted to some boards does not cany the main 
starter current, but a small current required to operate the solenoid 
switch mounted on or near by the actual starter. 

Replacement Bulbs 

It is important, particularly with dynamo warning lights, that replace- 
ment bulbs are of the same voltage and wattage as those originally 
fitted. 


M.R.o. ly.— 36 
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Switchboard Type 6T 

For use with small com- 
pensated voltage- contiol 
dynamos, this is a rect- 
angular board, fitted with 
three switches controlling 
head, tail, and side lights, a 
double- reading ammeter, 
two-pin plug sockets, and 
main dynamo fuse (see 
Fig. 1). 

The ammeter is per- 
manently connected in the 
battery circuit, and its 
reading indicates the state 
of charge of the battery. 
With a fully charged 
battery and the dynamo 
charging, a small discharge 
will be indicated if ah the 
driving lights are switched 
on, owing to the fact that 
for^a short time the battery voltage eq[uals or slightly exceeds the dynamo 
voltage. As the battery voltage settles down, the whole of the load 
discharge is taken by the dynamo, and the ammeter needle will gradually 
move over to indicate a small trickle charge into the battery. The 
ammeter will indicate the highest charging rate when the battery is 
discharged. The ammeter does not register the current taken by the 
road lamps when the dynamo is charging, but indicates this discharge 
current only when it is actually being taken from the battery ; that is to 
say, either when the dynamo is running too slow to charge or when the 
engine is stationary. The ammeter will not register the discharge current 
taken by any other accessories beyond the driving lights, as they are not 
included in the ammeter circuit. 

Unless the fuse is intact and in position, no charging current will 
reach the battery, as the fuse is located in the main dynamo circuit. 

Maintenance of Type 6T Switchboard 

The fuse wire can be replaced by withdrawing the fuse bridge from its 
clii^s and inserting one strand of wire between the spring copper contacts 
in the fuse bridge. Spare fuse wire is located in the small envelope 
clipped to the side of the switchboard. No. 30 S.W.G. copper must be 
used and strictly adliered to. 

Smear occasionally, with a thin film of vaseline, the switch-handle 
ball portion and rollers. 
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Switch blades and 
spring contacts should 
be kept clean with fine 
carborundum paper. 

Switchboard Type No. 47 

This is a popular 
circular type of switch. - 
board iutended for flush 
fitting into a dashboard 
or panel. If sufficient 
slack has been allowed 
in the’ cables, the com- 
plete boardmaybewitk- 
drawn from the front 
of the dashboard by re- 
moving the back clamp. 

The board is fitted 
with a main rotary 
switch for the control 
of the side, tail, and 
head lamps, together 
with an additional turn 
switch for ignition con- 
trol. Either magneto 
or coil may be used, 
hut it is not suitable for dual ignition. Dynamo charging is indicated 
hy a red pilot light fitted to the right of the ignition switch. 

Marked terminals are fitted at the rear of the board for cable coimec- 
tions to the positive and negative feeds, as well as for all driving, ignition, 
and pilot lights. 

An aperture (^2 mm.) diameter is recommended, to accom- 

modate the board in the dash panel. 

Operation of Type No. 47 Switchboard 

Both the main and ignition switches are operated by turning to the 
positions clearly marked on the faceplate. 

To replace Pilot Lamp 

Unscrew the bezel {A) (Fig. 3) holding the red pilot glass from the 
front of the board, and the bulb will be automatically withdrawn by the 
means of a spriiig clip (B) located in the bezel and gripping t he glass bulb. 
The voltage and wattage will be found marked on the bulb cap). 

It is advisable to use bulbs obtainable from C.A.y., as the}’ are the 
correct size to suit the spring clip, and so eliminate any danger of the 
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prongs touching the live 
hnlh cap. 

The pilot lamp glass 
(C) can be replaced by- 
removing the spring 
clip (B). 

To dismantle the Board 
for Cleaning or Replacing 
Contacts 

The complete board 
should be removed from 
its faceplate or dash 
panel, and all cables dis- 
connected. Referring to 
Fig. 3 : 

[a) Remove fixing 
screw (D) and main switch 
handle {B). 

[b) Remove fixing 
screw {F) and ignition 
knob (G). 

(c) Remove fixing nuts (E) and clamp (/). 

(t?) Remove fixing nuts, spring washers, and plain washers (K), 

(e) The terminal base can now be removed from the body. 

Take care that the ignition-switch parts are not lost, as they will he 
liable to fall out when the body is removed. 

(/) Examine ignition -switch contact pins and locating sockets (Z). 
Clean with very fine carborundum paper if they are in a dirty condition. 
Examine the fixed main contacts {N), They can be easily removed by 
unscrewing the one screw (0). If dirty, clean as above ; take care not 
to bend them out of shape, and make sure they make good contact when 
replaced. If badly burnt, bent, or pitted, replace. 

(pr) The main rotor contact can he cleaned by first extracting the two 
screws (R) from the back. This will allow the removal of the bracket 
(Q) from the rotor (B). Take care not to lose the locating steel hall (S). 
Clean the contacts if necessary, but replace if badly burnt or corroded. 
See that the screws (T) holding the springs are perfectly tight. 

(k) If the brass pillars (U) holding the contacts have become loose, 
tighten by means of the countersunk screw located in the respective 
terminal on the back of the base, and which is accessible after removing 
cable screw. 

(j) Examine the lamp-holder plunger (7), clean the tip if dirty; a 
few drops of oil in the socket (Pf ) will ease any stiffness, but keep it away 
from the plunger tip. See that the small pressure prongs in the side of 
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the lamp-holder (X) haTe not been bent out of place so that tlie locating 
pressure on the lamp is lost. 

Reassembling the Type N’o. 47 Board 

Smear the lotor-bearing pin witli vaseline, and locate the rotor in the 
metal base bush, so that the sq[nare is parallel with both the horizontal 
and vertical axis of the switchboard when it is in the normal mounting 
position, and the small contact is acrbss the two fixed spring contacts, 
i.e. when the switch is in the maximum ‘‘on” position. After coating 
the steel ball with vaseline, place it in the locating hole on the stop plate, 
that is, on the horizontal centre line. Place the bracket (Q) over the 
rotor, so that the small hole locates over the steel ball ; fix from the back 
with two screws (P). 

Locate the ignition-switch contact piece (Z) so that the contact pips 
bridge across the C and B -f- sockets, i.e, in an almost vertical position. 
Place the spiral spring [A A) over the square portion of the moulded 
ignition rotor and locate it in the square of the contact piece (Z), so that 
the flats of the brass hexagon on top of the rotor are parallel with the 
vertical centre line of the switchboard, and the cut-away portion of the 
moulding points towards the main-switch spindle. 

Replace the body and switch handles in the reverse order of the 
dismantling instructions, (a), (b), (c), and (d). 

On boards fitted with the flat-t57pe clamp, always replace the insulator 
(AB) before the clamp. 

Switchboard Type No. 85 

This is a rectangular proud mounting board for control of starter, 
ignition, and all driving lights. A red dynamo warning light, two-pin 
plug sockets, and fuses are also fitted (see Fig. 4). 

A separate fuse is connected to each light and ignition switch, whilst 
an additional fuse for use with any auxiliary accessories is connected 
to the main positive feed, which is not controlled by any switches. 

Terminal screws are accessible from the front if the switch housing 
is removed. 

A hinged cover is provided to permit attention to be given to the 
fuses from the front of the board, and also to alloAv the two fixing screws 
to be extracted for the removal of the housing. 

The dynamo pilot -light bulb is automatically withdrawn with the 
bezel containing the red glass when the bezel is unscrewed. 

The main control switch must be on before any lights can be 
operated. 

For the operation of the red dynamo warning light, see p. 551. 

The two-pin plug sockets are permanently connected to the positive 
and negative feeds, and are not affected by any switches. 
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Maintenance of Type Mo. 85 Board 

Attention should be given periodically to the main switch, as explained 
on p. 568 for the Ko. 101 switchboard, and to the light switches as given 
for the Ko. 6T on p. 563. 

The ignition-switch contacts and spring should be kept very lightly 
smeared with vaseline. 

See that the fuse bridges are secure in their clips. The fuse wire is 
ISTo. 32 S.W.Gr. silver (-011 in.). A spare length is supplied wound around 
the fuse bridge. 

If the red pilot -lamp glass is broken, a replacement can be fitted by 
releasing the spring hulh bolder inside the bezel. 

Switchboard Type No. 86 

This five-way hoard is intended for controhing accessories other than 
driving lights. It is designed to work in conjunction with the 3Sfo. 85 or 
ITo. 100 hoards, and can he used as a separate unit if desired. 

Six fuses are provided, one for each switch, and a single one mounted 
independent of all switches for use with auxiliary accessories. 

Maintenance details are similar to those given for type NTo. 6T hoard. 
The fuse wire for type INo. 86 is No. 32 S.W.G. silver. 

Switchboard Type No. 100 

Similar to No. 85, this master board is for flush mounting, and is 
fitted with type No. 99 snap-action switches. 

No switches will function unless the switch marked “imaix” is 
switched on. 

Any single switch can he removed after extracting the two fixing 
screws in the sub-plate, and the connection screws. At intervals apply 
thin machine oil sparingly to the switch-bearing pins through the holes 
in the sub -plate. 

Vaseline the spring and plunger, spring ball, leverage fiice, and 
sliding splash plate. 

Keep the switch blades free from dirt by ushig very fine carbornndiiiii 
paper or spirit. The switch should be replaced if the blades are badly 
burnt or pitted. Smear the switch blades very lightly with vaseline. 

See that the fuse bridge is located firmly in the fuse clips. Fuse wire 
is No. 32 S.W.Gr. silver (-Oil in.). A spare length is supplied wound 
around the fuse bridge. The atjzs ” fuse is independent of all switcdies, 
and is located in the positive connection to the two-pin plug sockets. 

Switchboard Type No. 101 

This board is rectangular in shape {see Fig. 6), and serves a similar 
purpose to the No. 47 circular switchboard. It controls all driving 
lights and ignition and is fitted with a dynamo warning light. 

The faceplate can be removed if the three front screws are extracted. 
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Either magneto 
or coil ignition can 
be used with the 
No. 101, hnt not 
both. 

Xubricate occa- 
sionally the switch 
hinge -pin, plunger 
roller, plunger, and 
dolly bearings with 
thin machine oil 
applied sparingly. 
Also smear the 
plunger-roller bear- 
ing surface on the 
switch blade and 
the contact tips 
very lightly vith 
vaseline. 

Keep the switch 
blades and contacts 
perfectly clean with very fine carborundum paper or spirit. 

If the blades are badly burnt or pitted, they should be replaced. To 
replace the blades, extract the four screws to release the suh-plate 
complete with the dollies and plungers. Eemove the split -pin in the 
bearing pin and extract the bearing pin to release the blade. 

SWITCH PANELS 

C.A.Y. switch panels incorporate a switchboard together with instru- 
ments. They are, as a rule, fitted with a form of internal illumination, 
which lights up the dials of the instruments for night driving. 

Switch Panel Type No. 54 

Switch panel No. 54 is arranged for flush mounting ; this is an oval- 
shaped panel held in position in the dashboard by rear clamp-brackets 
7 ). 

All terminals and internal-illummation bulbs are accessible from the 
front of the panel if the small caver plate is removed. 

Tor maintenance of the No. 47 switchboard contained in this panel, 
see p. 565. 

Switch Panel Type No. 65 

Type No. 65 is a panel specially designed for clamping on to the 
steering column of the vehicle. This panel is also fitted with the type 
No. 47 switchboard. 



Fig. 6 . — REMOviNa pa.cbpiate feomcNo. 101 type switch- 
board 
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Indication of an interruption in the engine -oil flow when the engine is 
running is shown on some boards by the green warning light being 
extinguished. 

If a dipswitch is mounted on the side of the panel it should dip the 
headlamps when moTed to the “ okt ” position, provided the main switch 
in the No. 47 board is pointing to the H position. 

Maintenance of the No. 47 board contained in this panel is given on 
p.565. 

The B.A.S. bulh for interior illumination and the fuse are acoessihle 
from the front of the panel if the small nameplate is removed. 

The dipswitch action should be kept well greased with vaseline. The 
cap can be removed by extracting the two interior fixing screws. If the 
switch does not operate, look for loose or broken connections or bumt-out 
bulbs. With electrically operated dippers a blown fuse inside the head- 
lamp may be the cause of the trouble. 

If the ammeter does not register it may he due to : 

{a) Dynamo not charging. 

(b) Ammeter burnt out or needle stuck. 

(c) Faulty, dirty, or loose connections. 

(d) Blown fuse. 

Keep the plug sockets clean and free from corrosion. 

The complete faceplate can he removed for instrument inspection if 
the four screws on the edge of the faceplate are extracted. 

The bulh in the green oil-indicator lamp is automatically withdrawn 
with the lamp bezel if the bezel is unscrewed. 

Fuse wire should be 32 S.W.G. tinned copper for dynamos types 
DISC, D, and D45E, and 30 S.W.G. tinned copper for types DBR, 
DBNB, DBLR, and DBLNB. A spare length of fuse wire is wound 
around the fuse bridge. 

See that the fuse bridge is securely located in the fuse clips. 

Switch Panel Type Ko. 82 

This is another flush-mounting panel which is fitted with t}^e either 
No. 47 or lOL switchboard, together with other instruments. Also, a 
blue oil-warning light is often fitted, and it should be partieularly noted 
that it lights up when the oil flow is interrupted or the engine is stationary 
hut still switched on. The light is controlled automatically by the 
ignition or pilot switches. 

Maintenance for switchboards type Nos. 47 and 101 are given on 
pp. 565 and 568 respectively. 

Switch Panel Type Fo. 117 

This is also a steering-column mounting panel similar to type No. 65, 
but of different shape, and is not provided with a detachable faceplate. 
Type No. 47 switchboard is fitted, also an oil- warning light, starter and 
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dip switcliesj horn push, two-pin plug, and various instruments, all 
depending up)oii the particular type symbol of the panel. 

The panel interior is easily accessible if the back cover is removed. 

As distinct from type No. 65, the interior-illuminating bulb is used for 
the oil-waniing light when required. The bulb can he extracted from 
front of panel if the small cover plate is removed. 

All remaining maintenance details can be taken as given for type 
No. 65. 

SWITCHES 

O.A.V. switches are available for all classes of low- voltage control 
Those which are built into switchboards and panels will be found dealt 
with separately in the first section of this article, whilst the most widely 
used of the remaining types are set out in the following : 

Starter Switches 

The BBNFA and BBNG solenoid-starter switches are simple two-step 
units designed for use and incorporated with axial-type starters. At the 
first step the swutch completes the circuit to the shunt and auxihary field 
windings, allowing a small current to pass, sufficient to give the starter 
armature its axial movement and thus gently hut firmly engaging the 
pinion with the teeth on the flyw^heel. When the engagement has taken 
place the second circuit is completed, allowing the main current to flow 
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and tlie starter to de- 
yelop its maximuia 
power. 

Operation of BBNFA 
and BBNTG Solenoid- 
starter Switches 

Referring to Fig. 15, 
when the starter button 
is pressed the magnetic 
field set up in the switch, 
windings draws in the 
armature {€) until the 
first contact is closed 
and the catch (I) rests 
on the step in the trigger 
{JE). This position is 
held until the trigger is 
lifted by the trip plate 
on the armature during 
its trawel, and thus 
allows the second contact to close and the main current to pass. 

Dismantling the Switch 

(а) Remove nut (Gr) after freeing from locking plate {II), take off 
catch-holding plate (Z) and trigger catch (F), and it will then be found 
that bridge piece (M), flat spring (X), and insulating bush (J) can he 
withdrawn. The earlier types of BBNTA switches were fitted with a 
single-spring washer, and where this is found to he the case a new locking 
plate should be fitted. 

(б) Care should be taken when the trigger (E) is released, through 
removing the catch (F), that the trigger spring (Z) is removed, otherwise 
it will fall out and become lost. 

(c) Note the position of the washers, as the thin ones are used for 
adjustment purposes, as explained in the assembling instructions. The 
thick washer acts as a spigot for the return spring (R). 

(d) Remove spring (B). 

(e) The fixed contacts can he removed by extracting the fixing screws 
( B). Do not omit the insulating bush or washer when replacing. 

Maintenance of BBNFA and BBNC Switches 

(/) If moving contact (if) is dirty, clean with spirit or very fine 
carborundum paper. 

(g) If moving contact (M) is badly burnt or pitted, reface. Take 
care that both faces are kept to the original angle, and that they 



Fig . 8. — Tyte No. 82 switch panel fitted with 

No. 101 SWITCHBOARD AND WTTHODT ENSTBUICENTS 
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are on tLe same 
plane. This is most 
important, as if tlie 
faces are nneyen 
poor contact vill 
result and the whole 
operation will haye 
to he repeated after 
a short time. ITot 
more than in. 

(•4 mm.) must he 
removed from the 
faces of the con- 
tacts, and in the un- 
likely event of this 
not being enough, 
a new bridge-piece 
should be fitted. 

(h) If fixed con- 
tacts (S) and {T) 
are dirty, clean as 
for (/). 

(j) Should fixed 
contacts (/S)and( jP) 
be hadly burnt or 
pitted, it is recom- 
mended that they 
be replaced, unless 
facilities are avail- 
able for accurate 
refacing by milling 

or turning. If refaciiig is undertaken, not more than in. (*4 mm.) 
must be removed from the surface, as in the case of moving contacts. 

As new fixed contacts are supplied in an unmachined state, care must 
be taken to face them when in position on the switch and before placing 
the switch in service. 

(h) Do not use a file or coarse grit on either the fixed or moving 
contacts. 

(I) Check pressure of return spring (R). It should he as follows when 
compressed to a length of ^ in. 

BBNFA -S-BiVi? 

„ „ „ ( 5 oz. 5 lb. i 5 oz. 

3 lb. 3 oz.|_ 

If the pressure is not within these limits, a new spring should be fitted. 





n 

4- 

3 

,J 


Fig . 11.- 


■Diagiiam: foe 82 swircH panel with No. 101 

SWITCHBOARD 
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12.— No. 100 SWI-rOHBOAIRD WIRED EOR USE WITH PETROL Fig, 13.— NO. 100 SWITCHBOARD WIRED FOR USE WITH OIL 
ENGINES ENQmES IN CONJUNCTION WITH A SERIES -PARALLEL SWITCH 
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{m) Checli the pressure of 
trigger spring (D). It should he 
replaced if not T^itMn 6-1 0*5 oz. 
for the PENFA, and 12-5 oz. to 
1 Ih- for EBNG switch, when com- 
pressed to a length of in. 

(%) See that insulating bush 
(J) is a nice easy fit in bridge - 
piece {M) and has not distorted 
through heat from exterior 
sources, etc. 

(o) In the CTent of the wind- 
ing becoming broken or damaged, 
the complete switch, should be 
returned to C.A.Y. for repair, as 
the stirrup (A) snrroundiag the 
coil is riveted to the main plate 
and should not be removed. 

(p) Lightly smear the plunger 
[G) at the point of entry into 
the switch body with vaseline, 
also at the point of contact be- 
tween the bridge-piece and the ,5,. m\rn 
flat spring. Apply the vaseline 

sparingly to avoid excess getting on to the contact faces. 

Assembling 

Assemble and switch according to dismantling instructions reversed, 
but note the following points ; 

(q) Air Gaps. — If any refacing of the contacts has been earned out, 
it will be necessary to readjust the contact air gaps by renioying one or 
more of the thin adjusting washers, hut do not remove either of the 
other washers. The thin adjusting washers are made in the following 
thicknesses: ‘OOl, *008, and *012 in. (0*1, 0*2, and 0*^ mm.), and the 
number varied until the air gaps given on figure are obtained. 

(r) It is advisable to fit a new locking plate {H) for the armature nut 
{&), as the efficiency of the switch will he impaired unless the nut is kept 
perfectly tight. 

lest Data for BBNFA and BBNG Switches 

When switch is finally assembled, the following tests should he made, 
with the switch in a horizontal position : 

(s) Force to overcome return spring in “ orr ” position : 

BBNFA BBNG 

- 10 oz. 5 lb. :b -5 oz. 
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Do not mount the switch, in the immediate vicinity of any source 
of heat. 

Beyond the following points, the actual maintenance of the S.O.L. 
switch is negligible : 

Keep the terminals and the surface on which they are mounted 
perfectly free from dirt, damp, or oil. 

Keep the terminal nuts well tightened. Take care not to twist the 
cable sockets so that they jam against the small insulation cap, otherwise 
there is a danger of distorting the plunger bearing, with a consequent 
sticking of the plunger action. 

Eemove occasionally the screwed cap and plunger, smear the brass 
stem of the plunger with vaseline, and replace. 

NZ-type Starter Switch 

This switch (Fig. 1 6) is supplied for either foot or hand operation, and 
is intended for breaking the main current on small starters up to and 
including 4^ in. in diameter. 

Two long fixing screws {0) are provided, which allow the switch to he 
fixed to either a metal or wooden panel. 

Avoid acute bends in the cables and strains on the terminal sockets. 

Keep the terminals well clear of any metallic partitions or framework. 

It must be mounted in such a position that even pressure can he 
maintained by hand or foot whilst in operation. 

Keep the terminals and the surface on which they are mounted 
perfectly free from dirt, damp, or oil. 

The terminal nuts (H) must be tight, and care taken that the cable 
tags (J) do not twist and touch each other. 

Apply a smear of vaseline to the main plunger (E) occasionally. 

The contacts can be inspected after removing the top cover with 
its fixing screws {L). The contacts can he cleaned with spirit or very 
fine carborundum paper (do not use emery), unless they are badly burnt 
or pitted, when they should be renewed. Take care when reassembling 
the switch that the parts are replaced in their correct positions according 
to Fig. 16. 

hfo. 108-type Starter Switch 

The operation of this switch is on the same principle as the NZ type, 
but it is considerably smaller in size and is for hand operation only. It is 
of robust construction, and intended for operating solenoid switches or 
for use in any similar circuits where the load to he broken is small. It is 
definitely not suitable for breaking any main-starter current. 

Two holes (tapped 2Ba) are provided in the cover for fixing the switch 
to a panel. 

Keep the terminals well clear of any metallic partitions or framework. 

The particulars given for the type NZ will also apply for this switch, 
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Mg. 16 . — Section through: NZ-tytb starter switch 


except that the contacts are made accessible by removing the moulded 
insulator fixed to the body by two countersunk screws. 

When the contact replacement is necessary, the moulded base, com- 
plete with contacts riyeted in position, is supplied for the fixed contacts, 
and the moving contact is complete with the moulded knob. The knob 
can be extracted from the switch if the split-ring is reinoyed. 

Switch Type No. 121 

This combined switch and fuse unit (sec Fig. 17) has been specially 
designed with the object of simplifying the complicated wiring that is 
generally necessary when connecting up a hank of separate switches, and 
at the same time to permit switch assemblies to be built up in number 
by the customer according to requirements. 

It is constructed of black moulded hakelite, and contains a blade- 
type switch, cartridge fuse, connecting terminals, and spare fuse. Slots 
are moulded in the base in order that the switch may be mounted, to- 
gether with other switches, direct on to the bus-bars. 

A nameplate for marking the name of the component controlled by 
the switch is attached to the base by a spring clip. It is visible through 
a slot in the moulded cover, but remains attached to the base when the 
cover is removed. 

Cables are brought up through the panel to Avhich the switch is fixed 
and connected to the terminals on the front of the switch base. The 
cables are not visible from the front of the switch when the cover is in 
position - 

Two holes in the base are provided for fixing the complete unit. 

When the switch is mounted separately, and not on bus-bars, it is 
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necessary for the two terminal studs at the hack of the switch, to he 
linked. A link is provided if the switch is ordered as type No. 12U2 
for separate mounting. 

Bus-bars are available ready drilled and cut to length, according to 
the number of units it is required to assemble. It should be noted that 
the centres of the drilled holes for the No. 121 switch and type No. 123 
fuse units are different, and it is, therefore, not possible to change the 
position of these units on the bus-bars in relation to one another. 

Main feed terminals are fitted to the bus -bar ends, and it is advisable 
that they should be covered, after all connections have been made, hy 
means of the bakelite covers specially designed for the purpose. 

The hus-bars are located in the slots provided in the switch base, and 
secured to the two rear terminals by a nut and washers. 

Take care when mounting the switch to see that sufficient clearance is 
allowed to permit the cover -fixing screw to be released and the cover 
removed. 

The switch is in the on ” position when the operating dolly is point- 
ing towards the name-plate. 

Great care should be taken to remove the link from the back of any 
type No. 121-2 separate-mounting switch if it is ever required to be 
mounted on bus-bars. 

The cartridge-type fuse is permanently connected in the switch 
circuit, a spare fuse being clipped to the base underneath the name- 
plate. 

The main cover is removed by releasing the single milled-head screw. 
The screw cannot be extracted from the cover, but remains attached, 
to prevent it from becoming lost. 

At intervals apply a smear of vaseline to the switch blades and around 
the ball portion of the dolly. 

Keep all terminal screws well tightened and the fuse secure in 
its clips. 

Do not alter the fuse capacity from that provided when the switch 
is fitted. 

Battery Cut-off Switch Type No. 134 

This is a hand-operated switch for breaking two main battery circuits 
simultaneously. The switch is mounted on a metal base and enclosed 
by a cover that also carries the operating knob. 

The moving contact piece wdth plunger can he extracted from its 
bearing when the cover is removed. It is, therefore, important that the 
cover is kept firmly screwed down when the switch is in use. 

Grease occasionally the plunger and clean the contacts, as explained 
for the ty{)e BBNFA switch. Make sure when replacing the contact 
■|)iece that the keyway in the plunger is ojijiosite the locating pin in the 
bearing. Lubricate the knob spindle as for BBNFA, 
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HEADLAMPS 




Headlamps can 
be subdiYided into 
various types, as 
follows : 


Standard 

Pitted with a 
standard single 
filament S.E.C. type 
of bulb and fixed 
reflector. 


Fig. 17. — Type ITo. 121 switch with moclded covek 

REMOVED 


Electric Dip and 
Switch (E.D.S.) 

This system 
makes use of a sepa- 
rate control switch, 
nsually mounted on the steering column, which when moved to the ‘‘dip ” 
position causes the nearside reflector to he dipped and turned to the 
nearside of the road ; at the same time the offside lamp is extinguished. 
The reflector of the nearside lamp in this case is pivoted on ball 

hearings within a 
flxed rim, which is 
in turn secured to 
the headlamp hody. 
The reflector is tilted 
hy means of a 
plunger controlled 
hy an eleetricalh^ 
operated solenoid 
mounted at the rear 
of the reflector. In 
order to avoid a 
heavy current con- 
sumption by the 
solenoid windings 
during the dipping 
operation, a higli- 
resistaiice coil is 
brought into opera- 
tion by the plunger 
at the end of its 
travel and holds the 

_ reflector in the 

-Ba^ttehy ov'T-ofe switch No. 134 with coveu _ . . 

REMOVED TO SHOW CONTACTS U 1 p p 0 Cl ]) O S 1 t I 0 11 


Fig. 18.- 
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STARTER WITH HAMD OR FOOT SWITCH 


Fig. 19.- -CiECUir coiinection's for starteb 

SWITCHES 


■until the current is switched off 
hy the control switch. The re- 
flector is returned to the normal 
position by spring pressure, the 
movement in both directions 
being limited by rubber buffers 
to prevent excessive shock to the 
bulb. 

A fuse is provided with each 
electrical dipper unit in order to 
protect the operating coil in the 
event of the reflector failing to 
function correctly. 

Twin Dipping Reflectors 

This arrangement is similar 
to the E.E.S. system, but two 
dipping reflectors are used in 
place of one dipping and one 
standard reflector. 

Lucas- Graves Anti-da2zle Bulbs 

The dipping of the light- 
beam operation in these lamps 
takes place entirely within the 
hulb, the reflectors remaining 
stationary. The main bulb fila- 
ment is the source of the normal 
driving beam and is, therefore, 
located at the correct focal region 
of the reflector. 

A secondary fllament slightly 
in advance of the main filament 


is provided on its underside with a shield that directs the rays to the top 
of the reflector, which, in turn, deflects and spreads them into a wide area 
on the road immediately in front of the vehicle. Thus the operation of 
the dipswitch extinguishes the main filament and lights the secondary 
filament, providing a flat-topped driving beam of adequate intensity 
and absence of dazzle. These special hulbs are fitted with caps larger than 
those normally used, and in addition have special pins to prevent the 
bulbs from being incorrectly fitted. 


Duplex Reflectors 

These reflectors are a special stepped design, providing a fiat-topped 
high-intensity beam with the minimum of dazzle. 
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Headlamp Adjustments 

When it becomes necessary to make adjustments to the lamp, the 
following points should be noted when dismantling, according to the 
respectwe types : 

Removing the Lamp Front 

[Fig. 20. — Slacken the single fixing screw (a coin slot is provided in the 
head) and allow it to hinge out of the slot on the rim. Clip the rim firmly 
with both hands opposite the screw, and xenaove with even pressure ; 
do not lever or jerk violently. When replacing, first locate the top of 
the front over the body and then apply pressure around the lower half 
of the lim. 

[Fig. 21. — Loosen the two fixing screws. When replacing, make sure 
that the front is evenly located around the body. Tighten screws evenly. 

Fig. 22, — Slacken the single fixing screw and hinge the front upwards. 

Removing the Reflector 

Fig. 23. — Turn back the ends of the cork packing washer and extract 
the fixing screw. Twist the reflector by its outside edge until the mark- 
ings ‘‘ 0 ” stamped on the reflector and body coincide, at which point the 
reflector may he withdrawn. Replace by engaging the reflector and 
body at 0 ” and turning to the left until the screwhole is opposite the 
tapped hole in the body (see note for right-hand road rule). 

Fig. 24. — Press reflector inwards evenly and turn to the left until the 
locating pins come opposite the slots in the lamp body. Reverse the 
procedure when replacing. 

Fig. 25. — On this type the reflector is automatically withdrawn when 
the front is removed. It can, however, be taken out of the front rim by 
extracting the retaining springs. Make sure that the reflector is correctly 
located when replacing. 

Fig. 26. — The reflector will be found to be quite free when the front is 
removed. It is necessary only to extract the bulb to permit the removal 
of the reflector. 

Fig. 27. — Remove single fixing screw in reflector and turn the reflector 
until the locating pieces come opposite the slots in the lamp hody. 

Right-hand Road Rule 

In countries where this rule exists, as against left-hand in the United 
Kingdom, it is necessary for the dipping reflector to operate in the 
opposite direction. Provision has been made for this as follows : 

When replacing reflector, engage at points marked “ 0 and turn 
to the right until screwhole is opposite the tapped hole in the hody. 

Replace the reflector with the top support located in the slot 
marked ‘^R.” 
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Mg. 20. — Removing- ikont 

Slacken the single fixuig screw. A coin 
slot is provided. 


iff. 21.— Removing anothee 

lAMP PEONT 

Loosen the two fixing screivs. 


Fig. 21 — Removing another type oe 

LAMP PRONT 

Hinge the front upwards after slacken- 
uig set -screw. 


Mg. 23. — Removing 
T urn back ends of the 
extract fixing screw. 


BEPXECTOR 
cork packing and 
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Focusing 

All C.A.y. headlamps are accurately' focused and adjusted before 
leaving the works, in. order to give the maximum efficiency. Often, 
however, this adjustment is upset when a bulb replacement is made, and 
refocusing becomes necessary. 

Three Methods of Focusing 

Alternative forms of focusing are used as follows : 

(a) Tig. 28. — Slacken the clamp screw or spring holding the lamp 
holder, and move the lamp holder to and fro until the desired effect is 
obtained. Do not forget to retighten clamp screw. 

{b) Mg. 29. — On other lamp holders alternative positions are provided 
for the hulh by three different slots in the holder itself. 

(c) Mg. 30. — A simple method of focusing, effected by turning a milled 
nut at rear of lamp holder. 

Lamps fitted with Lucas -Graves hulbs do not need any form of 
adjustable focus, owing to the accurate alignment of the reflector and 
bulb filament . 

Alignment of Headlamps 

Park the vehicle opposite to and at least 25 ft. away from a wall, 
making sure that the vehicle is positioned at right angles to the wall, so 
that the headlamps are equidistant from it. The lamps should then he 
aligned so that the horizontal axis of the oval light area on the wall is 
below 3 ft. 6 in., measured from ground-level, and the lamp centres are 
equidistant from the vertical axis. 

Bulb Replacement 

The importance of replacing hulbs with those of the same siz;e and of 
good quality is not, as a rule, fully appreciated. Inferior-quality hulhs 
often have the filaments of such a shape as to make accurate focusing 
impossible, a similar effect being also set up by the sagging filaments in 
good-quality hulbs after long service. It is therefore earnestly recom- 
mended, for headlamps and pass lights at least, that Lucas Blue Star ” 
high-efficiency hulbs be fitted, all of which have been carefully manu- 
factured and tested for accurate focusing. Conforming to the Ministry 
of Transport regulations, all bulbs supplied by C.A.V. have the wattage, 
in addition to the B.A.S. number, clearly stamped on the cap. 

Fuses 

The small cartridge fuse used in conjunction with the dipping reflector 
is fitted in spring clips mounted alongside the dipping mechanism. If 
the fuse has blown, replace by the spare fuse mounted on the supjjort 
bracket, after having ascertained and rectified the cause of the failure. 
A sticking reflector, due to the lack of lubrication, will cause the fuse to 
blow. 




Ig. 25. — On this t'stpb of i-iLMP the 

HBFLBOTOR IS A-UTOMjlTICALXr WITBC- 
DBAWIT ■WHBIT THE FRONT IS REMOVED 


Fig. 24. — To remove reflector 
Ie the type shomi, press reflector in- 
'wards and turn. 


Fig. 26. — In this ttpb the EBrxBCTOB 

■WILL BE FREE WHEN THE FEONT IS 
REMOVED 


Ig. 27. — To REMOVE this type reflector 

•UNSCREW FIXINO SCREW AND 
BEFIECTOR 
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Fig, 28. — metbod of a-bjustino- focus 

Slackea clamp screw or spring holding lamp holder, and move lamp holder fco and fro 
until desired effect is obtained. 


Pass Lights 


OTHER LAMPS 


In the main, the instructions for the headlamps "will equally apply 
for pass lights. 

With some pass lights it will he found that focusing is carried out in a 
simple manner by turning in the direction required the large round 
knurled nut located behind the lamp holder. 

Pass lights should be mounted below the normal headlamp level, 



Fig. 29. — Another method of adjusting focus 
In this lamp holder three slots are provided for the bulb, giving three alternative positions. 
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Fig, 30. — snoLE method or rooFsrNG 
Tuirung amiEedaut at rear of lamp holder. 


preferably on the nearside of the 
•vehicles, and permanently turned 
towards that direction. 

Side Lamps 

The lamp holder -with three alter- 
native bnlh locations is the method 
usually employed for focusing. 

With the exception of lamps with 
two screws fixing the front, reflectors 
and fronts can be removed hy press- 
ing evenly inwards and turning to the 
left until the locating pieces come 
opposite the slots. 


Tail Lamps 

No focusing is necessary. 

The bulb may he changed by either unscrewing or pulling off the cap 
containing the red glass. 


Stop ” Tail Lamps 

The front may he removed by releasing the single fixing screw and 
gently lifting the lower half of the rim. 


General Maintenance 

Reflectors should he handled and cleaned with great care. Metal 
polish should on no account be used. A light polish with a soft cloth or 
clean chamois leather is all that is necessary. If any other method is 
used, the transparent colourless covering protecting the highly polished 
surface will be damaged and rendered useless. 

On dipping reflectors the movement should be perfectly free and 
uninterrupted. The pivot and bearings should be periodically lubricated 
with thin machine oil. 

Sec that the cables do not foul the reflector. If there is any stiffness 
in the movement, apply the slightest smear of machine oil to the moving 
plunger of the dipping unit and the bearings on which the reflector is 
pivoted. 

Ordinary enamelled-flnish lamps can he cleaned with a good car polish . 
Chromium-plated parts need only to be occasionally wiped over with a 
damp cloth to remove dust or dirt. 

Make sure that all connections are perfectly tight. 

WIKDSCREENT WIPERS 

The C.A.V. -windscreen wiper, type BWN (Tig. 3^), is designed for 
either 6-, 12-, 24-, or 30-volt circuits, and consists of a small electric 
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OF f SIDE 



{Left) Diagram for 
hea^amp ’with Lxicas- 
Graves bulbs. 


{ItigTit) Diagram 
for headlamp -with 
dip and s\7itch re~ 
flectors. 


dipper 




LIGHTING + - 

SWITCH BATTERY 
SUPPLY 


OFFSIDE 



31, — ClPtCXJrTS FOE VAKfOL'S TYrES OF C-A.V. ItKAPLAMPS 
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Fig, 32. — WlNDSOBEEN WIPEE, TTPE BWN 

geared motor driving the arm which holds the squeegee. The oscillatory 
movement of the wiper arm is produced by means of a crank connected 
to the reduction gears. 

A control switch is incorporated in the end cover on the standard 
model, but the wiper can he supplied without this switch if it is desired 
to fit a control separate from the wiper. 

Construction and Operation 

Referring to Pig. 33, the worm {A) is cut on the end of the armature 
shaft and drives the worm-wheel (B) with a liigh-reduction ratio. The 
latter carries the crankpin {C) which, hy means of the connecting rod 
[D), gives the toothed segment {B) an oscillating motion. The toothed 
segment [B) engages on one side with the pinion (i^) fixed to the wiper 
spindle, so that the latter oscillates with the toothed segment. 

Fitting 

It is essential that the fixing-hole centres (SS-min. standard wiper) 
are accurately spaced and bored parallel to each other ; they should also 
be at right angles to the face against which the wiper is clamped. Make 
sure that the clamping face is perfectly flat and smooth; remember to use 
the rubber washers and tighten the fixing nuts evenly. 

Neglect of any of these points is liable to cause distortion of the-sp indie 
bearing, with the consequent seizure of the blade spindle. 

Adjustment 

The armature can be removed from the housing if the screws ( G) are 
released and the end cap (H) taken off. The brush gear should be 
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Fia. 33.— C.A.'V. type BWN -wurDSOEiaEii wipes pashau-y sectioned to show 

HTTEIIIOB CONSTRTJCTiaN 


extracted from the body the maxmmm amount possible vithont releasing 

the connections to the brush boxes. , p 

To not cub off the threaded spindle hearing, as the recessed portion ot 
the spindle will be exposed with conseqnent loss of bearing surface and 
grease. A packing piece is available to compensate for thin windscreens. 

The centre of the worm-wheel (B), driving-end hearing (/) and ar- 
mature setscrew (K) must be dead in line when viewed through the wiper 
body after the armature has been removed. As the armature setscrew 
and driving-end bearing are permanently and accurately centred with 
each other, it is necessary only to adjust the relative position of the 


worin-wlieeL , i i 

To make tliis adjustment, remove the complete worin-wheel aiicl se^- 

ment assemlbly after extracting the screw (X), and insert tliin packing 
shims (obtainable at any C.A.V. Service depot) between the worm-wheel 


ulder. 

be taken that the coupling har between 


the worm-wheel 
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and segment is not distorted when any adjustment is made to the worm- 
wheel. The bar must he parallel with the machined cover-plate face^ of 
the housing, and it can be accurately aligned by the means of paching 
shims [W) behind the segment. When the segment-fixing screw is 
screwed home as far as it will go, the segment should work freely but 
must not he loose ; any looseness can be rectified by the means of packing 
shims behind the fixing-screw head (if). 

With the armature still out of the wiper, see that the worm-wheel 
assembly when in position is perfectly free and easy in moYement. 

Insert the spindle blade (N), complete with its locating spring (P), 
so that the centre tooth of the spindle gear meshes with the centre of the 
segment, and turn the spindle to make sure that there is no restriction 
in movement. Ease off the segment bearing setscrew [Q) and rotate the 
hearing by means of the screwdriver slot nntil the segment teeth and 
those of the spindle tighten up. Continue to rotate the hearing slowly 
until the whole assembly is perfectly free in movement ; screw in the 
setscrew (R). 

Insert the armature and replace the brush gear, making sure that the 
brushes are correctly bedded on the commutator. Beplace the end cap 
(H), with the switch handle pointing towards the off ’’ position, and 
screw ia securely the fixing bolts. 

The wiper should now be motored and the armature setscrew (K) 
tightened imtil the armature is locked ; then turn back the screw half a 
turn, switch off the wiper, and seal the setscrew. When this has been 
completed, motor the wiper again and ease off the worm-wheel bearing 
setscrew (S), and turn the bearing (P) by means of the screwdriver slot 
until the machine locks solid. Turn back the worm-wheel bearing screw 
until the wiper motors freely with a current consumption of not more 
than 1 amp. ; tighten the setscrew {S). Half-fill the gearbox: with a good- 
quality soft grease, replace the cover plate, and tighten securely all screws. 

Maintenance 

If the running of the wiper becomes erratic, and it is known that all 
the gearing is perfectly free, inspect the brushes and commutator. 

If the commutator surface is dirty or discoloured it should be cleaned 
with very fine glass- or carborundum paper (do not use emery cloth). 
After cleaning the commutator surface, the slots between the segments 
should be cleared of all deposit. 

The brushes should not be worn below a length of in. (5 '9 mm.), 
and should be properly bedded, i.e. they should be worn to the commu- 
tator periphery. If they are not, wrap a strip of very fine glass- or 
carborundum paper firmly around the commutator, and with the brushes 
in position rotate the armature by hand in the normal working direction 
of rotation until the correct brush shape is obtained. 

See that the gland nut (U) and washer (7) are retained in position. 



ERRATA 

VoL I, page 60, Kg. 8. Should read “ Braving gudgeoa pin 
in with special tool.” 

Vol. I, page 235, Fig. 4. Shown upside down. 

Vol. II, page 6, 4 lines from bottom. For “ six main bear- 
ings ” read “ seven main bearings.” 

Vol. II, page 75, last line. For “ 50° ” read “ 5°.” 

Vol. IV, page 338, line 22. For “ with ” read “ wiU.” 

Vol. lY, page 338, nest to last line. For “ dose ” read 
“ close.” 

Vol. IV, page 342, lines 17 and IS, and page 345, hne 32. 
For “yield” read “field.” 

Vol. lY, page 344, six lines from bottom, and page 347, 
line 14. For “shortening ” read “ shorting.” 

Yol. lY, page 346, line 11. For CII5E read C45E. 

Yol. lY, page 346, lines 26 and 27. For “mains’ ” read 
“ main.” 




CLASSIFIED KEY 


BODYWORK 


BODY REPAIRS 

Adapting existing bodywork for emergency- 
use, iii. 1 

Body construction, iii. 228, 260 
Body jacks or stretchers, iii. 235, 237 
Breaking welded joints, iii. 247, 267 
Checking alignment of bodies, iii. 237, 265 
Filling in dents with solder, 255-8 
Finishing of welds, iii. 255-8 
Hot-metal shrinkage, iii. 26-38 
Monopiece construction, iii. 260 
Morris Ten body, iii. 260 
Patching, iii, 246 

Removing body trimmings, iii. 237 
Replacing damaged panels and compon- 
ents, iii, 247-55, 268 
Removing damaged parts, iii. 247 


Removing dents from wings and panels, iii. 
244-5, 26-38 

Removing door centre channels, iii. 242 
Removing door glasses, iii. 241, 269, 273 
Removing no -draught v^entilators, iii. 242 
Removing seats, iii. 240 
Removing windows, iii. 242 
Squaring up bodies, iii. 243 
Straightening damaged portions of body, 
iii. 243, 265 

Tools for repairing bodies, iii. 235 
Torch soldering, iii. 255-8 
"Welding in new panels and components, iii. 
23Q-5, 245-55 

REFINISHING 

Cellulose refinishing, iii. 185-200 


BRAKING 


BENDIX BRAKES 

Cam-actuated 

Adjustment, i. 119 
Dismantling, i. 112 
Fitting and relining shoes, i. 114 
Two-leading Shoe 
Adjusting, i. 121 
Dismantling, i. 121 
Operation, i. 120 

BRAKE ADJUSTMENT 

A.E.C., iii. 458 

AWis 4* 3-litre, Speed 25, and Crested 
Eagle, iii. 118 

Alvis 12/70, and SiRer Crest, iii. 120 

Armstrong, i. 161 

Austin, i. 157 

Bedford, iii. 498, 50C, 508 

Bendix (see Bendix Brakes) 

Chevrolet, iii. 137 

Olayton-Dewandre brake adjuster, i. 417 
Clayton-Dewandre ‘ ‘ servo ’ ’ braking, i. 253, 
284; iii. 226 

Coininer, iii. 157, 164, 107 
Cowdrey (see Cowdrey Brakes) 

Daimler, i. 158 
Dennis, iii. 327, 336 
Fiat, iii. 364 
Ford, iii. 75 

M.B.O. IV. — 38 


Gilford “ Hera,” iii. 226 
Girling (see Girling Brakes) 
Lanchester, i. 158 ; iii. 55 
Lea-Francis, i. 158 
Leyland, iii. 392, 394, 395 
Lockheed (see Lockheed Brakes) 
Morgan, iii. 39t) 

"Packard, iii. 80 
Riley, i. 158 
Rover, i. 168 

8.S. Jaguar, i. 158; iii. 93 
Singer, i. 161 
Tilling-Stevens, iii. 90 
Triumph, iii. 440 
Vauxhall, iii. 180 

BRAKE DRUMS 

Building up by welding, i. 472 
Vauxhall, iii. 176 

BRAKE TESTING 

“Ferodo” brake meter, iii. 491 
Machines, iii. 489, 494 
Stopping distances, speeds, and tiiiit 
487, 492, 493 

BRAKING NOISES 
Alvis curs, iii. 120 
Triumph ears, iii. 44U 
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CLAYTON-DEWANDRE BRAKES 

Articulated six^wheel iDraking, i. 301 
Brake Adjusters 

freetVheel type, i. 421, 425 
general service notes, i. 422 
liinged-rack type, i. 421 
rack type, i. 417 
Temountmg shoes, i. 425 
split-rack type, i. 426 
tensioning ■worm spindle, i. 423 
three-pawl type, i. 427 
Dewandre-Locklieed, i. 253 
Distributor Control Valve 
adjustments, i. 300 
cleaning, i. 299 
dismantling, i. 291 
refilling, i. 293 
Double unit system, i. 296 
Exhausters, i. 303 • 

Pedal-type servos, i. 297 
Separal^ reaction valve type, i. 303 
Single unit (Monobloc) servo 
adjustments, i. 294 
dismantling, i. 287 
distributor valve, i. 289 
distributor valve, dismantling, i. 291 
distributor valve, refitting, i. 293 
refiLtting servo to chassis, i. 293 
reservoirs, i. 287 
testing, i. 285 

Three-unit system (triple servo), i. 296; hi. 226 
Vacuum reservoir, i. 296 


COWDREY BRAKES 

Adjusting, i. 125 
Checking operation, i. 126 
Dismantling, i. 122 


GIRLING BRAKES 

Adjusting for wear, i. 150 
Pitting new brake shoes, i. 151-5 
Operating linkage, i. 155 
Operatioi^ i. 149 

HYDRAULIC-OPERATED BRAKES 

(See Lockheed Brakes) 

LOCKHEED BRAKES 

Bleeding, i. 247 

Combined hydraulic and mechanical brake, 
i. 242 

Dewandre-Lockheed, i. 255 

Master cylinders, i. 235, 238 ; iii. 140, 335 

Shoes, i. 251, 253 

Tandem-tj^e master cylinder, i. 238 
Wheel Cylinders 
adjustable, i. 239 
heavy -vehicle, i. 244 
non-adjustable, i. 240 
overhauling, i. 241 


CLUTCHES 


BORG & BECK CLUTCHES 
Austin 10 h.p., ii. 29 

Clutch-pedal travel and adjustment, i. 
260 

Commer, ii. 189, 210 

Dismantling and reassembling, i. 263-77 ; 
ii. 17, 31, 33 

Faults and remedies, i. 258-9 
Grilford “ Hera,” ii. 238 
Hillman Minx, ii. 362 
Lanchester, 14 h.p. deluxe, ii. 86 
Misalignment, checking for, i. 282 
Morgan 4/4, ii. 400 
Operation, i. 256 
Overhauling, i. 257-83; ii. 32 
Packard, ii. 53 
Relining, i. 277 
Standard cars, ii. 16 
Tilling-Stevens, ii. 124 
Troubles, ii. 29 

CLUTCH ADJUSTMENT 

A.E.C,, ii. 501 
Alvis, ii. 108 
Chevrolet, ii. 339 


Commer, ii. 211, 225 

Diaphragm spring-type clutch, ii. 339 

Fiat, ii. 380 

Grilford “Hera,” ii. 238 
Gruy, ii. 144 
Hillman Minx, ii. 362 
Lanchester, 14 h.p. de luxe, ii. 8(.) 
Leyland, ii. 522, 526 
Morgan 4/4, ii. 400 
Newton-Bennefct, ii. 33 
Packard, ii. 53 
Rover, ii. 280 
S.S. Jaguar, ii. 62 
Thornycroft, ii. 555 
Tilling -Stevens, ii. 125 
Triumph, ii. 470 

CLUTCH- ASSEMBLY REMOVAL 
A,E.C-, ii. 502 
Commer, ii. 210 
Cone-type clutch, ii. 348 
Dennis, ii. 348 
Packard, ii. 53 
S.S. Jaguar, ii, 

Tilling-Stevens,, li. 126 
Triumph, ii. 468 
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CLUTCH BRAKES 

A.E.C., ii. SOI, 504 
Tilling-Stevens, adjustment, ii. 126 

CLUTCH OVERHAUL 

A.E.C., ii. 502 

Alvis, ii. 109 

Austin 10 L.p., ii. 32 

Borg <fc Beck {see Boxg & Beck Glutclies) 

Chevrolet, ii. 336 

Cone-type clutch, ii. 348 

Beruiis, ii. 348 

Diaphragm spring -type clutch, ii. 336 

Biat, ii. 380 

Leyland, ii. 524 

Bover, ii. 282 

S.S. Jaguar, ii. 62 

Thornycroft, ii. 556 

ELECTRICAL 

, BATTERIES 

Action, iv. 28 

Care of batteries, iv. 49, 439 

Charging, iv. 25-53 

chargers for battery charging, iv. 31-44 
constant -current, iv. 44—9 
constant potential, iv. 50-4 
preparing for charging, iv. 42 
Construction, iv. 27 
Beplating, iv. 426-38 
Specific -gravity test, iv. 43, 425, 438 
Types, iv. 27 

Voltmeter test, iv. 42, 425, 439 

CUT-OUTS 

C.A.V. cut-outs, iv. 459-64 
Delco-Remy cut-outs, iv. 208-10 
Maintenance, iv. 464 
Operation, iv. 208 
Purpose, iv. 89 
Wiring diagram, iv. 87 

DYNAMO CONTROL 
C.A.V. regulators, iv. 455-63 
Compensated-voltage control, i. 5, 89, 339, 
456-63 

Current and voltage control, iv’. 4, 199, 345 
Delco-Reiny control units, iv. 179-203 
Divided iield circuit control, iv. 194 
Electro -magnetic control, iv. 3 
Field switch control, i. 1, 10, 86 
Lamp load control, iv. 10, 185 
Lucas regulators, iv. 342-4, 346 
Split- field dynamo control, iv. 195 
Step- voltage control, iv. 180 
Thermostat- controlled field resistance, iv. i 
Third-brush control, iv. 6, 179, 340 
Vibrating current regulator control, iv. 4, 
195 
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CLUTCH TROUBLES 

Cone-t;jpe clutch, ii. 348 
Diaphragm spring- type clutch, ii. 337 
Plate Clutches 
Fierceness, ii. 30 
Judder, ii. 109 
Nfoise, ii. 30, 110 
Slip, ii. 30, 282, 470 
Spin, ii. 29 

Dismantling and Assembling Clutches 
A.E.C., ii. 503 
Chevrolet, ii. 339 
Cone-type clutch, ii. 347 
Dennis, ii. 347 

Diaphragm spring- type clutch, ii. 339 
Ford, ii. 41, 42 
Jewett, ii. 299, 302 
Thornycroft, ii. 556 


EQUIPMENT 

Vibrating voltage regulator control, iv. 4, 
186, 341 

DYNAMOS 

Armature faults and testing methods, iv. 
205, 336 

Armatures, iv. 335 
Bedding brushes, iv. 204 
Brush-spring tension, iv. 204, 346 
C.A.V. dynamos, iv. 451 
Checking dynamo performance, iv. 345, 451 
Delco-Bemy, iv. 179, 195 
Drop test, iv. 337, 205 
Dynamotor, iv. 333 
Field windings, iv. 332 
Growler test, iv. 206, 337 
Magnetic circuits, iv. 332 
Maintenance, iv. 207 
Refitting dynamo to engine, iv. 453 
Shunt-wound, two-pole dynamos, i\’. 195, 
333 

Third- brush adjustment, iv. 8, 293, 346 
Third- brush djmainos, i. 1, 179 
Winding connections, iv. 333 

ELECTRICAL ACCESSORIES 

t’arwanners, iv. 239 
(figar lighters, iv. 24 1 
Clocks, iv. 237 
Direction indicators, iv. 105 
Gauges, iv. 55, 113 
Hobson telegage.s, iv. 5.5 
Horns, iv. 28 1, 475 
Oil-pressure switch, iv. Iu4 
Speedometers, iv. 156 
» 8.U. electrical pressure pump, iv. 71 

S.U. Petrolift, iv. 69 
, AVindscreen defrosters, iw 235 
Windscreen wipers, iv. 133, 588 
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ELECTRICAL EQUIPMENT ON CARS 

Fiat model 500, iv. 377-86 
Ford, iv- 19-26 
Hillman, Minx, iv. 370-6 
Hudson and Terraplane, iv. 387-401) 

Morris Eight and Ten, iv. 531-7 
Packard 6, 8, and Super 8, 1937-9, iv. 76 
Vauxhall, iv. 161 

IGNITION 

Automatic ignition timing control, iv’. :J53, 
413 

Bench repairs and setting, iv. 551 
Circuit, iv. 91 

Coil- ignition operation, iv. 538 
Coil testing, iv. 323, 409, 526 
Condenser testing, iv. 324, 528, 553 
Delco-Remy coil ignition, iv. 4C>7 
Distributor maintenance, iv. 415 
Distributor testing, iv. 326, 418, 554 
Fault location on coil-ignition systems, 
iv. 543 

Ford ignitiorL overhaul, iv. 19 
Sparking plugs, iv. 506 
Switches, iv. 561 

Synchronising circuit-breaker openings, iv. 
412 

Test of general condition of system, iv. 309 
Tests with sparkmeter, iv. 322 
Tests with vacuum gauge, iv. 233 

LIGHTING 

Aligmnent of headlamps, i v. 1 69, 585 
Anti- dazzle devices, iv. 266 
Bulbs, iv. 259, 582 
C.A.V. equipment, 581-9 


Focusing headlamps, iv. 265, 585 
Lamp circuits, iv. 260, 589 
Lighting and lamp circuit defects, iv. 206, 
588 

Lucas equipment, iv. 260 
Switch control, iv. 260, 561, 581 

STARTING MOTORS 

C.A.V. starters, iv. 440 
Delco-Remy starters, iv. 348 
Mounting, iv. 443 
Overhaul, iv. 11-18, 356, 444 
Starter drives, iv. 312-18, 348-57, 449 
Starter switches, iv. 177, 352, 450 
Testing for faults, iv. 14, 357, 446, 490 
Torque test, iv. 18, 358 

WIRING 

Fiat model- 500 wiring diagrams, iv. 378, 
380, 385 

Ford wiring diagrams, iv. 22-3 
Hillman Minx wiring diagrams, iv. 371, 374 
How to read car- wiring diagrams, iv. 81 
How to use a circuit diagram in tracing a 
fault, iv. 93 

Hudson and Terraplane wiring diagrams, 
iv. 388-92 

Morris Eight and Ten wiring diagrams, 
iv. 533, 534 ^ 

Packard wiring diagrams, iv. 77, 79 
Vauxhall 25 h.p. wiring diagram, iv. 176 
Vauxhall 10 and 12 h.p. wiring diagram, 
iv. 88 

Vau.xhall “ Light Six,” 12 and 14 li.p. 

wiling diagram, i\^. 172, 174 
Wiring fault tracing and repair, iv^ 95 
Wolseley 10/40 h.p. and 12/48, iv. 85 


ENGINES 


BIG-END BEARINGS 

A.E.C. oil-engines, ii. 414, 429, 435 

A.E.C. petrol engines, ii. 497 

Alvisjii. 106 

Bearing metals, i. 433 

Boring, i. 448 

Chevrolet, ii. 334 

Cominer, ii. 1S7, 202, 221 

Daimler " 15,” ii. 4(J5 

Dennis, ii. 343 

Fitting, i. 450 

Ford, ii. 35 

Guy, ii. 136 

Hillman Minx, ii. 36U, 369 

Hiulson and Terraplane, ii. 389, 395 

Jowett, ii. 302 

Leyland, ii. 535, 539 

IVIachiniiig bearings, i. 446 

Oil groows, i. 450 

Packard, ii. 47 


Kemetalling direct-rim connecting rods, i. 
438 

Remetalling liners, brasses, or shells, i. 435 

8.8. cars, ii. 60 

Scraping in, i. 450 

Standard cans, ii. 7 

Thorn ycroft, ii. 550 

Tilling -Stevens, ii. 123 

'rriumph, ii. 168 

Vauxhall, ii. 248, 258, 208, 484 

CAMSHAFTS AND CAMSHAFT 
BEARINGS 

A.B.O. lOO-li.p. ail-ongino, ii. 427 

A.F.(h 75- and Hn-h.p. oil-engiiles, ii. 434 

A.F.Ob petrol engines, ii. 496 

.Austin 10 h.p,, ii. 15(1, 155, 156 

I )ennis, ii. 343 

Fiat, ii. 376 

H'illinan Minx', ii. 369 
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Hudson and Terraplane, ii. 

Leylaiid, ii. 516, 520, 533., 537 
Morris Eight, removal and roplaeeinenfc ii 
461, 462 

Morris 'Xen, ii. 569 
Pachard, ii. 49 
tS.S. cars, bushes, ii. 63 
Standard cars, ii. 8 
Thorny croft, ii. 544 

Triumph, checldng free rotation, ii, 1(>5 
Vauxhall, ii. 250, 259, 486 


COMPRESSION'-IGNITION ENGINES 
A.E.O. n5-h.p. 6-cy]., ii. 412 
A.E.C. lOO-h.p. 6-cyl., ii. 424 
A.E.C. 75- and 85-li.p. 4-cyL, ii. 431 
Combustion heads, ii. 409, 411, 527, 528 536 
Leyland, ii. 527, 536 
Operation, ii. 409, 527, 628 

CONNECTING RODS 
A.E.C. oil-eagines, ii. 417, 429, 435 
A.E.C. petrol engines, ii. 495 
Alignment of connecting rods, i. 62, 450 
Austin 10 h.p., ii. 150 
Che-vrolet, ii. 333 
Commer, ii. 187, 202, 221 
Daimler “ 15,” ii. 405 
Fiat, ii. 376 
Fitting, i. 460 
HilktianMinx, ii. 350, 369 
Hudson and Terraplane, ii. 389, 395 
Jowett, ii. 298 
Leyland, ii. 520, 525 
Morris Eight, ii, 459 
Packard, ii. 47 

Remetalling direct -run connecting rods, i. 
438 

Remetalliiig liners, brasses, or .shells, i. 435 

Repairs, i. 432 

Rover, ii. 285 

S.S. cars, ii. 60 

Standard cars, ii. 7 

Thornycroft, ii. 550 

Vauxhall, ii. 246, 248, 258, 266, 484 

CRANKSHAFTS 

A.E.C. lf)0-li.p. oil -engines, ii. 429 
Austin 10 h.p., ii. 150, 15.5 
Broken crariksliaftK, i. 415 
Chevrolet, ii. 329 
Coininoi-, ii. 1 89, 203, 222 
Crankpin truing tools, i. 408 
Dennis, ii. 342 
Fiat, ii. 374 

Grinding crank|)ins aiul jo urn ahs, i. 411 
Hillman Minx, ii. 3(')0, 361 
Hudson and Terraplane, ii. 38.5 
Jowett withdra-wal, ii. 300, 30.5 
Lapping, i. 410 


Leyland, ii. 521,r)3r» 

Morris Eight, ii. 459 
Packard, ii. 47 
S.S. cars, ii. 60 
Standard cars, ii. 6 

Straightening bent crankshafts, i. 407 
Testing crankshafts for bend, i. 
Thornycroft, ii. .549 

Truing up worn and scored craiikpins and 
journals without grinding, i. 4(>7 
VauxhalJ, ii. 251, 258. 268, 487 
Welding broken crankshafts, i. 41 5 

CYLINDERS 

A.E.C. lOO-h.p. oil-engine, sleeves, ii. 424 
Austin 10 h.p., cheeking, ii. 152 ; reborins:, 
ii. 159 

Cylinder-bore wear — symptoms and causes, 
i. 481-98 

Ford, reboring, ii. 40 
fowett, ii. 297, 305 
Leyland, ii. 520, 535, 540 
Packard, ii. 47 
Ridge removal, ii. 155 
Reboring, i. 503-14, 584-(30v8 
Standard cars, i. 3 
Thornycroft, ii. 542 
Mauxball, ii. 247 

Welding repairs to cylinder blocks, i. 466, 
473, 477 

CYLINDER HEADS 
A.E.C. 115 -h.p. oil-engines, ii. 412, 413 
A.E.C. lOO-h.p. oil-engines, ii. 425 
.l.E.C. 75- and 85 -h.p. oil-engines, ii. 432 
A.E.C. petrol engines, ii. 493 
Aluncihiiuin, testing for distortion, ii. 152, 
157 

Austin 10 h.p., ii. 152, 157 
Dennis, ii. 344 
Fiat, ii. 374 

Hillman Minx, ga.sket, ii. 354 
Hudson and Terraplane, ii. 388 
Leyland oil-engines, 53<.l 
Leyland petrol engines, ii. 517 
Morgan 4 4, ii. 39S 
llomoving, i. 338-42 
.Replacing cylinder heads, i. 3»iT 
Thornycroft, ii. 542 
Triumph, ii. 173 
Vauxhall, ii. 243, 263, 481 
'Welding, i. 473 

DECARBONISING 

Alvis cars, ii. 95 
(’oinmer, ii. ISO, 197, 215 
Daimler 15,” ii . 4U2 
Daimler straight Eight, ii. .575 
General notes on decarbonising, x. 337 
Gilford, ii. 228 



598 


CLASSIFIED KEY 


lY.] 


Guy, ii. 131 
Hillrfian. Minx, ii. 353 
Jo-wett, ii. 296 

Lanchester, 14-li.p. Roadrider, ii. 65 
18 h.p., ii. 70 
10/11 h.p., ii. 73 
14 h,p. de luxe, ii. 75 
“ Light 6 ” 12 li.p., ii. 77 
15/18 h.p., ii. 81 
Morgan 4/4, ii. 397 
Morris Eight, ii. 442 
Morris Ten, ii. 661 
Rov’er, ii. 274 

S.S. cars, ii. 58, 59 
Thorny croft, ii. 543 
Tilling. Stevens, ii. 120 

DISTRIBUTOR DRIVE GEAR 

Fiat, ii. 377 

Ford, reassembling, ii. 40 
Morris Eight, ii. 457 

S.S. cars, ii. 57, 60 
Standard cars, reassembling, ii. 12 
Triumph, ii. 163 

ENGINE DISMANTLING AND 
REASSEMBLY 

A.B.C. 115-h.p, oil-engine, ii. 417 

A.E.C. 100-h.p. oil-engine, ii. 424 

A.E.C. 75- and 85-h.p. oil-engine, ii. 435 

A.E.C. petrol engines, ii. 497 

Austin 10 h.p., ii. 148 

Dennis, ii. 341 

Fiat, ii. 371 

Gilford “ Hera,” ii. 232 
Morris Eight, ii. 455 
Morris Ten, ii. 567 
Vanxhall model “ J,” ii. 489 

ENGINE MOUNTINGS 

Alvis, ii. 103 
ChevTOlet, ii. 336 
Cominer, ii. 185, 208, 223 
Ford, ii. 40 

Floatex bearings, ii. 123 
Guy, ii, 136 

Jowett, ii. 297, 303, 305 
Hillman Minx, ii. 369 
Packard, ii. 47 
Rover, ii. 286 
Tilling -Stevens, ii. 123 

ENGINE TESTING AND TUNE-UP 

Air leaks in intake system, iv. 231, 3015 
Automatic advance and retard test, iv, 231 
Balanced running, iv. 230, 308, 310 
Brake-horse -power test.s, ii. 586 
Carburettor, ii. 585 ; iv. 307, 310, 329, 365 
Checking engine vacuum, iv, 229 
Compression gauge for making analysis of 
engine condition, iv. 278 


Compression test, iv. 278 
Cylinder bores, iv. 278, 305-6 
Cylinder- head gasket leak, iv. 232 
Equipment, iv. 218, 221 
Exhaust-gas analysis, ii. 587 ; iv. 329 
Exhaust system, iv. 231, 364 
Ignition tests, ii. 582-5; iv. 233, 307-11, 
626-30, 543-51 
Ignition timing late, iv. 233 
Mechanical condition, iv. 227, 278, 305-6 
Petrol- consumption tests, iv. 366 
Piston rings, iv. 233, 278 
Systematic fault diagnosis, iv. 304 
Timing for maximum performance, ii. 

580-92 ; iv. 365 
Valve springs, weak, iv. 232 
Valve timing late, iv. 232 
Valve trouble, iv. 232, 279, 306 
Valves burned or leaky, iv. 232 
Valves sticking, iv. 232 
Vacuum gauge, connecting, iv. 224 
Vacuum gauge, detecting engine faults 
with, iv. 228, 305—7 

Vacuum gauge, engine testing with, ii. 587 ; 
iv. 221-34 


ENGINE UNIT REMOVAL 
Alvis cars, ii. 101 
Austin 10 h.p., ii. 146 
Commer, ii. 188, 207, 223 
Fiat, ii. 370 
Ford, ii. 34 

Gilford “ECera,” ii. 233 
Guy, ii. 138 
Jowett, ii- 296, 305 
Morgan 4/4, ii. 397 
Morris Eight, ii. 453 
Morris Ten, ii. 564 
Packard, ii. 47 
Thorny croft, ii. 559 

S.S. cars, ii. 62 

Vauxhall, 14 h.p. “ J,” ii. 487 

FLYWHEELS 
Fluid Flywheels 
A.E.C., ii. 504 
Lanchester, ii. 82, 83, 84 
Packings, ii. 82, 83, 505 
Flywheel Removal and Fitting 
Austin 10 h.p., ii. 150, 156 
Chevrolet, ii. 333 
Commer, ii. 189 
Dennis, ii. 343 
Hillman Minx, ii. 362 
Morris Eight, ii. 459 » 

Rover, marks, ii. 276 
Vauxhall, ii. 253, 269 
Starter Ring Gears 

Fitting, i. 385-8 ; ii. 156, 254, 269, 362 
Hillman Minx, ii. 362 
Vauxhall, ii. 252, 269 
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IGNITION TIMING 

A.E.C., ii. 499; Data, Sheet 

Alvis, Data Sheet 36 

Ai’mstrong Siddeley, Data Sheet 38 

Aastia Seven, Data Sheet 17 

Austin Ten, Data Sheet 21 

Austin Twelve, Data Sheet 22 

Automatic, iv. 253 

British Sukison, Data Sheet 31 

Chevrolet, Data Sheet 35 

Citroen 12 h.p.. Data Sheet 10 

Cominer, ii. 188, 199, 217 ; Data Sheets^^S.^lQ 

Daimler “ 15,” ii. 407; Datasheet 1 

Delage, Data Sheet 32 

Dennis, ii. 345 

Fiat, ii. 373 

Ford, iv. 21, 24 ; Data Sheets 4, 0, and 15 
Guy, ii. 134 ; Data Sheet 30 
Hillman Minx, Data Sheet 11 
Hillman 14 and 20 h.p., Data Sheet 14 
Hotchkiss, Data Sheet 22 
Hudson and Terraplane, Data Sheet 33 
Humber Snipe 21 h.p.. Data Sheet 38 
Jowett, ii- 308 

Lagoixda 4^ -litre. Data Sheet 34 
Lanchestor 14.h.p. Roadrider, ii. 68 
18 h.p., ii. 70 

10/11 k.p., ii. 74 ; Data Sheet 33 
14 h.p. de luxe, ii. 76 
“Light 6,” 12 h.p., ii. 79 
15/18 h.p., ii. 81 
Lancia, Data Sheet 23 
Lea Francis, Data Sheet 32 
Magneto timing, ii. 1 24 
M.G. Midget, Data Sheet 2 
M.G. and 2^-litre, Datasheet 24 
Morgan 4 /4, Data Sheet 27 
Morris Commercial, Data Sheet 23 
Morris Eight, ii. 463 ; Data Sheet 8 
Morris Ten, ii. 569 ; Data Sheet 9 
Morris Twelve, Data Sheet 26 
Morris “ 14 ” and “ 25,” Data Sheet 16 
Packard, ii. 51 ; Data Sheet 30 
Pontiac, Data Sheet 31 
Riley 9 and l|-litre, Data Sheet 27 
Rover, ii. 278; Data Sheets 3 and 5 
S.S. cars, ii. 57 

Standard cars, ii. 13 ; Datasheets IS and 19 
Talbot 10 h.p., Data Sheet 28 
Thornycroft, ii. 548; Datasheet 37 
Tilling-Stevens, ii. 123 
Triumph, ii. 173, 182 ; Data Sheets 12 and 
13 

Vauxhall, ii. 252 ; Data Sheets 1 and 28 
Wolseley 12 and 14 h.p.. Data Sheet 25 

MAIN BEARINGS 

A.E.C. lOO-h.p. oil-engines, ii. 429 
Austin, ii. 155 
Boring in line, i. 454, 457 
Brasses, remetalling, i. 452 


Chevrolet, ii. 330 

Cominer, ii. 189, 203, 222 

Cylindrical bearings, relining, i. 458 

Daimler “ 15,” ii. 405 

Dennis, ii. 342 

Direct metalling, i. 454 

Fiat, ii. 374 

Ford, ii. 36 

Gilford “ Hera,” ii. 234 
Gtiy, ii. 135 

Hillman Minx, ii. 360, 361 
Hudson and Terraplane, ii. 385, 387 
Leylauid, ii. 521 

Machining lelined brasses in lathe, i. 452 

Morris Minor, i. 459 

Packard, ii. 47 

Reaming, i. 458 

Rover, ii. 285 

S.S. ears, ii. 63 

Singer, i. 459 

Standard cars, ii. 6 

Thornycroft, ii. 549 

Tilling-Stevens, ii. 123 

Triumph, ii. 168 

Vauxhall, ii. 251, 258, 268, 487 

MANIFOLDS 

Blowing of gaskets, ii. 1 07 
Ford, ii. 40 

Hillman Minx, removing, ii. 353 
Morgan 4 /4, ii. 399 
Morris Eight, ii. 443 
Welding, i. 472 

PISTON RINGS 
Aero multivent ring, i. 84 
Brico rings, fitting, i, 85 
Bricoflex rings, i. 91 
Clupet rings, fitting, i. 91 
Fitting rings, i. 71 
Hepolite rings, fitting, i. 84 
Removal of rings, i. 7 1 
Scraper rings, i. 69, 78 
Truing-up ring grooves, i. 71 
Types of rings, i. 69 
Wellworthy rings, fitting, i. 79; ii. 160 

PISTONS 

A.E.C. oil-engines, ii. 417, 429, 435 
A.E.C. petrol engines, ii. 496 
Aerolite, ii. 7 

Alignment, cheeking, ii. 150, 152 

Alignment of pistons, i. 62, 513 

Austin 10 h.p., ii. 150, 152, 160 

Chevrolet, ii. 324 

Commer, ii. 187, 202, 221 

Covuno pi.stons, i. 68 

Daimler “ 15,” ii. 4U6 

Dennis, ii. 344 

Fiat, ii. 376 

Fitting pistons, i. 60 
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Ford, ii. 38 

Gilford “Hera,” ii. 237 
Gudg&on-pin fitting and removal, i. 69 
Heplex pistons, i. 67 
Eepolite B.S. pistons, i. 67 
Hep worth and Gxandag© pistons, i. 67 
Hillman Minx selective piston assembly, 
ii. 359 

Hudson and Terraplane, ii. 389, 390 
Jackson Heplex pistons, i. 67 
Jo wet t, ii. 302 
Manchester, 10/11 h.p., ii. 75 
Meyland, ii. 520, 535, 539 
Morris Eight, ii. 459 
]^{©lson Bohnalite pistons, i. 67 
Baekard, ii. 48 

Eeplacement of pistons, i. 58, 513 
Specialloid pistons, i. 66 
Standard ears, ii. 7 
Substitution of pistons, i. 58, 513 
Thorny croft, ii. 550 
Tilling- Stevens, ii. 1 18 
Triumph, ii. 164, 171, 179 
Types of pistons, i. 55 
Yauxhall, ii. 246, 248, 258, 266, 483 

TIMING CHAIN AND GEARS 
A.E.C. 115-h.p. oil-engine, ii. 419, 420, 421 
A.E.C. lOO-h.p. oil-engine, 426 
A.E.C. 75- and 85-li.p, oil-engine, 435, 437 
A.E.C. camshaft pinion, ii. 439 
A.E.C. chain tensioner, ii. 420 
Alvis, chain removal and replacement, ii. 99 
Austin 10-h.p. chain ronioval, ii. 148 
Chevrolet, ii. 330 
Ford, renewing gears, ii. 37 
Jowett, ii. 299, 305 

Lanchester “Light 6” 12 h.p., chain re- 
newal, ii. 81 

Leyland, chains, ii. 519, 525, 532, 538 
Morris Eight, ii. 457, 461 
Packard, removing chain, ii. 49 
Rover, chain fitting and adjustment, ii. 277, 
278, 279 

S.S. cars, chain removal, ii. 60 
Thornycroft, chain adjustment, ii. 545 
rilling-Stevens, ii. 117 
Triumph, chain replacement, ii. 167 
Vauxhall, chain, ii. 249, 484 

TIMING COVER 

Austin 1(J li.p., replacing, ii. 157 
Hillman Minx, ii. 357 
Standard cars, ii. 9 
Vauxhall 10/12 h.p., oil seal, ii. 249 

VALVE CLEARANCES AND TAPPET 
ADJUSTMENT 

A.E.C. oil-engines, ii. 414, 429, 432 
A.E.C- petrol engines, Data Sheet 36 
Alvia ears, Dciict Sheet 26 


Armstrong Siddeley, Data Sheet 28 

Austin Seven, Data Sheet 17 

Austin Ten, Data Sheet 22 

Austin Twelve, Data Sheet 22 

British Salmson, Data Sheet 31 

Chevrolet, ii. 336; Datasheet 35 

Citroen 12 h.p., Data Sheet 10 

Commer, ii. 188, 199, 216 ; Datasheets 20, 29 

Daimler “ 15,” ii. 335 ; Data Sheet 35 

Daimler straight Eight, ii. 559 

Delage, Data Sheet 32 

Dennis, ii. 344 

Fiat, ii. 372 

Ford, ii, 37; Datasheets 4, 6, 8, 15 
Gilford “ Hera ” ii. 229 
Guy, ii. 131 
Jowett, ii. 229 

Hillman Minx, ii. 354 ; Data Sheet 1 1 
Hillman 14 and 20 h.p., Data Sheet 14 
Hotchkiss, Data Sheet 32 
Hudson and Terraplane, ii. 392, 393, Data 
Sheet 33 

Humher Snipe, Data Sheet 38 
Lagonda 4-litre, Data Sheet 34 
Lanchester 14-h.p. Roadrider, ii. 68 
10/11 h.p., ii. 74 
“Light 6” 12 h.p., ii. 81 
Lancia, Data Sheet 33 
Lea Francis, Data Sheet 32 
Leyland oil-engines, ii. 529, 536 
Leyland petrol engines, ii. 515, 525 
M.G. Midget, Data Sheet 2 
M.G. 1^- and 2|-litr6, Datasheet 24 
Morgan 4/4, ii. 398 ; Data Sheet 37 
Morris Commercial, Data Sheet 23 
Morris “ 14 ” and “ 25,” Data Sheet 16 
IMorris Twelve, Data Sheet 26 
Packard, Data Sheet 30 
Pontiac, Data Sheet 31 
Riley 9 and l^-litre, Data Sheet 27 
Rover, ii. 274 ; Data Sheets 3 and 5 
S.S. cars, ii. 56, 61 
Standard, ii. 5 

Standard 9 and 10, Datasheet IS 
Standard 12, Data Sheet 19 
Talbot 10 h.p., Data Sheet 28 
Thornycroft, ii. 543; Datasheet 37 
Tilling-Stevens, ii. 115 
Triumph, ii. 173, 176 

Triumph 14, 12, 10, and 8 h.p.. Data Sheet 1 2 
Triumph 2-litr0, Data Sheet 13 
Valve clearances, resetting, i. 368 
Vauxhall, ii. 243, 257, 265,482; Datasheets 
7 and2'^ 

Wolseley 12 and 14 h.p.. Data Sheet '25 

VALVE GUIDES 
Commer, ii. 216 

Extracting worn valve guides, i. 353 
Fitting new valve guide, i. 353 
Hudson and Terraplane, ii. 393 
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Lanckester 14-h.p. Roadrider, ii. C8 

Leyland, ii. 537 

Packard, replacing, ii. 49 

Standard cars, replacing, i. 4 

Tilliiig-Ste\rens, ii. 117 

Triumph, ii. 172 

Vauxball, ii. 245, 257, 264, 482 


VALVE SEATS 

A.E.O. 11 5-h.p. oil-engine, ii. 413 

Building up by welding, i. 469 

Burning, causes of, ii. 4 

Burnt, reciitting, ii. 5 

Commer, inserts, ii. 198, 216 

Cutting, ii. 5, 351 

Bord, ii. 37 

Grinding, i. 354 

Eilbnan Minx, inserts, ii. 355 

Hudson and Terraplane, ii. 393 

Inserts, fitting, i. 359, 389-404 ; ii. 5, 355 

leyland petrol engines, ii. 515, 517 

Standard cars, ii. 4 

Stellite-faced, ii. 515, 517 

Width of seats, i. 356 


VALVE TIMING 

A.E.C. 6-cyL oil-engines, ii. 414, 429 
A.E.C. 4-cyl. oil-engines, ii. 431, 432, 433 
A.E.C. petrol engines, ii. 493, 495 ; Data 
Sheet 36 

Alvis, ii. 99 ; Data, Sheet 36 
Armstrong -Siddeley 16 h.p., Date JS/iect 38 
Austin Seven, Data Sheet 17 
Austin Ten, ii. 157; Data Sheet 21 
Austin Twelve, Data Sheet 22 
British Salmson, Data Sheet 31 
Chevrolet, Data Sheet 35 
Citroen 12 h.p., Data Sheet 10 
Commer 8-cwt. van, ii. 188; Data Sheet 29 
Commer 15 cwt. and N"! model, ii. 205; 
Data Sheet 20 

Commer N2, N3, ^14, and LN5 models, 
ii. 216 ; Data Sheet 20 
Daimler 15, ii. 406 ; Data Sheet 1 
Delage, Data Sheet 32 
Dennis, ii. 344 
Fiat, ii. 372 
Ford 8, Data Sheet 4 
Ford 10, Data Sheet 6 
Ford V-8/30, Datasheet 15 
Gilford ‘ ‘ Hera,’ ’ ii. 229 
Guy, ii. 132 ; Data Sheet SO 
Hillman Kinx, ii. 35S, 369; Datasheet 11 
Hillmaij 14 and 20 h.p., Data Sheet 14 
Hotchkiss, Data Sheet 32 
Hudson and Terraplane, ii. 393; Data Sheet 
33 

Humber Snipe 21 h.p., Data Sheet 38 

.Towett, ii. 30_3, 308 

Lagoncla 44-litre, Data Sheet 34 
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Lanchester 10/11 h.p., ii. 74; Data Sheet .33 

Lanchester ‘“Light 6,” ii. 81 

Lanehe.ster 14-h.p. de luxe, ii. 75 

Lanchester 14-h.p. Roadrider, ii. rt.5 

Lanchester 15/18 h.p., ii. 82 

Lancia, Data Sheet 33 

Leyland oil-engines, ii. 529, 537 

Leyland petrol engines, ii. 515, 525 

M.G. Midget, Data Sheet 2 

M.G. 1-4- and 2|-iitre, Data Sheet 24 

Morgan 4/4, Data Sheet 37 

Morris Commercial, Data Sheet 23 

Morris Eight, ii. 462 ; Data Sheet 8 

Morris Ten, ii. 569 ; Data Sheet 9 

Morris Twelve, Data Sheet 25 

Morris “ 14 ” and “■ 25/’ Data Sheet 10 

Packard, ii. 49 ; Data Sheet 30 

Pontiac, Data Sheet 31 

Riley 9- and l|-litr©. Data Sheet 27 

Rover, ii. 277 

Rover Ten, Data Sheet 3 

Rover 14 h.p.. Data Sheet 5 

S.S. cars, ii. 61 

Standard cars, ii. 9 

Standard 9 and 10 h.p.. Data Sheet 18 
Standard 12 h.p.. Data Sheet 19 
Talbot 10 h.p., Datasheet 28 
Thornyeroft, ii. 544 ; Data Sheet 37 
Tilling -Ste\"ens, ii. 117 
Triumph, ii. 165, 173, 182 
Triumph 14, 12, and 10*8 h.p.. Data 

Sheet 12 

Triumph 2-litre, Data Sheet 13 
Vauxhall 10 h.p., ii. 249 ; Data Sfi^eei 28 
Vauxhall 12 h.p., ii, 249 ; Data Sheet 7 
Vauxhall 14 h.p., model “ J,” ii. 482 
Wolseloy, 12 and 14 h.p.. Data Sheet 2 i) 

VALVES AND VALVE GEAR 
A.E.O. 115-h.p. oil-engine, ii.412 
Alvis cars, ii. 97 
Commer, ii. 198 
Daimler straight Eight, ii. 5 78 
Fiat, ii. 376 
h’ord, i. 347 

Grinding-in valves, i. 359-6.5 
Hillman Minx, ii. 354 
Hudson and Terraplane, ii. 392 
Jowett, ii. 302 
Leyland oil-engines, ii. 530 
Leyland petrol engines, ii. 515 
Morris Eight, ii. 444 
I'ackard, ii. 49 
Bover, ii, 27!) 

Tilling-Stevens, ii. 115 
Valve, cutting and gTindiiig, i. 351 
Valvo removal, i. 344 
Valve springs, testing, i. 365 
Valves, examining for faults, i. 34 s 
Valves, replacing, i. 366 
Vauxhall, ii. 244, 257, 482 



602 [voL. IV.] 


CLASSIFIED KEY 


VIBRATION DAMPERS 

Adjustable type, ii. 312 
Friction disc, ii. 168, 311 
Hudson and Terraplane, ii. 385 
Leyland, ii. 625 


‘ ‘ Metallasthie , ” ii. 314 
Multiple plate, ii. 309 
Oa Triuroph cars, ii. 168 
Vauxhall 14 h.p. “ J,” ii. 484 


FRAME 


Checldng for distortion, iii. 290-6, 301-2 
Design, iii. 290 

Examining for accidental damage, iii. 
290-6, 301-2 

Ford, replacing frame, iii. 76 
Monopiece construction, iii. 260 
Morris Ten, iii. 260 


Reinforcing broken frames, iii. 299, 303 
Repairing crushed-in frame, iii. 297 
Vauxh.all frame removal, iii. 568 
Welding-in new sections, iii. 298 
Working tolerances and allowable limits of 
error, iii. 307 


FRONT AXLE 


FRONT AXLES 
A.E.C., iii. 456 
Checking for damage, iii. 3 10 
Cheeking for loose king-pin, i. 535 
Commer, iii. 157, 161, 166 
Dennis, iii. 332, 334 

Ford stub- axle bushes and radius rods, iii. 74 

Gilford “Hera,” overhaul, iii, 219 

Guy, iii. 149 

HiUman Minx, iii. 346 

Leyland, iii. 387, 392 

Magnetic test for cracks, iii. 311, 312 

Morris Ten, iii. 538 

Removing axle from chassis, iii. 557 

Standard cars, straightening beam, iii. 44 

Steering troubles and remedies, i. 538 

Straightening front axles, iii. 312, 658 

Stub -axle checking, iii. 557 

Testing axle beam for accuracy, iii. 313, 561 

Thiomycroft, iii. 585 

Tilling -Stevens, adjustment swivel pin and 
hub bearings, iii. 89 

Tilling -Stevens, straightening beam, iii. 89 
Triiunph, iii, 442 

FRONT-WHEEL ALIGNMENT 

A.E.a, iii- 456 
Alvis, iii. 122 
Camber, i. 532, 536, 537 

FUEL 

CARBURETTORS 

American carburettors, i. 16 
Basic types of carburettor, i, 12 
Carburettor requirements, i. 1(1 
Carter carburettors, i. 571 
Chandler & Groves carburettor, i. 20 ; ii. 51 
Claudel-Fobson, i. 16, 19 
Cold-starting systems, i. 18-20 
Constant- vacuum carburettors, i. 12 
Deleo-Eemy automatic carburettor con- 
trols, i. 323-36 

Downdraught carburettor, i. 20 


Caster, i. 531, 537 

Checking front-wheel alignment, i. 536 ; 
iii, 565 

Chevrolet, iii. 136 
Commer, iii. 163 

Correcting front-end alignment, i. 537 

Daimler, iii. 579 

Dennis, iii. 336 

Fiat, 359, 361 

Ford, iii. 74 

Front-end ahgnment factors, i. 531 
Gilford “ Hera,” iii. 225 
Hillman Minx, iii, 347, 348 
Humber, iii. 104, 109 

Inspection routine before checking front-end 
alignment, i. 535 
King-pin inclination, i. 532 
Morgan 4/4, iii. 401 
Packard, iii. 81 
Standard, iii. 44, 45 
Steering geometry, i. 534 
Steering troubles and remedies, i. 638 
Thornycroft, iii. 586 
Tilling-Stevens, iii. 89 
Toe-in, i. 533 
Toe-out, i. 534 

Track-rod joints and wheel alignment, i. 54(j 
Triumph, iii. 442, 443 
Vauxhall, iii. 570, 672 

SUPPLY 

Duties of the carburettor, i. 10 
Mixture strength under different conditions 
of running, i. 10 
On Alvis cars, ii. 106 
On Commer, h. 188, 209 
On Daimler “ 15,” ii. 407 
On Fiat, ii. 379 
On Ford, ii. 43 
On Guy, ii, 1 38, 140 
On Packard, ii. 51 
On S.S. cars, ii. 58 
On Standard cars, ii. 106 
On Tilling-Stevens, ii. 121 
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On. Triumph, ii. 179, 183 
On Vauxliall, ii. 254, 259, 269, 489 
Open-ch-oke carburettors, i. 12 
Petrol vaporisation from, preventing, ii. 106 
S.U. Carburettors 
Acceleration adjustment, i. 221 
Dismantling and refitting, i. 229 
Idling adjustment, i. 218 
Multi -carburettor tuning, i. 227 
Piston fit, i. 229 
Principle of operation, i. 12, 15 
Punning adjustment, i. 223 
Speed adjustment, L 224 
Starting adjustment, i. 217 
'Thermostatically controlled starting, i. 
225 

Solex Carburettors 

Adjustment or tuning, i. 32-41 
Diagnosis of faults, i. 41-6 
Principle of operation, i. 16, 17 
Repair procedure, i. 21-32 
Thermostarter, i. 20, 31 
Typical settings, i. 37-40 
Stromberg Carburettors 

Accelerating pump adjustment, i. 380 
Keavy petrol- consumption fault, i. 383 
Main carburettor adjustment, i. 381 
Operation, i. 16, 369 
Petrol level, i. 384 
Power running, i. 382 
Slow-running adjustment, i. 379 
Starting adjustment, i. 374 
Tuning, iv. 365 
Zenith Carburettors 
Acceleration, i. lOO 
Difficult starting, i. 94 
Fuel- consumption faults, i. 103 
Principle of operation, i. 16 
Slow running, i. 96 
Standard settings, i. 104 
Starting- from -cold systems, i. 92 
runing, i. 102 

OIL-PUEL INJECTION EQUIPMENT 

A.E.C. oil-fuel pump drive, ii. 439 
C.A.V. fuel-injection eqnipmeut, i. 193-216, 
305-22 

Dismantling and assembly of fuel -injection 
pumps, i. 198-215 
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Fuel -inject ion troubles, causes and remedies, 
i. 199-200 

Governors and governor maintenance, 
testing, and overhaul, i. 310—22 
Leyland oil-fuel pump drive, ii. 533 
Operation of fuel- injection pump, i- 196 
Overhauling fuel-injection pumps, i. 210 
Testing fuel- injection pumps, i. 310 
Timing oil-fuel pumps, i. 308 ; ii. 440, 
540 

Types of fuel-injectiou pumps, i. 195 

PETROL FUEL-FEED PUMPS 

A.C. Fuel Dumps 

dismantling and assembly, iv^. 125 
locating troubles, iv. 121 
maintenance, iv. 133 
pressures, iv. 132 
test stand, iv. 1 25 
types, iv. 120 
Autovac 

maintenance, iv. 66 
operation, iv. 65 
stripping, iv. 243 
Gruy, ii. 141 

Mechanical Fuel Pumps 

adjusting petrol pressure of, ii. 13, 164 
operation, iv. 67 
testing, iv. 67 

Petrol consumption excessive, due to high 
fuel-pump pressure, ii. 13; iv. 364 
S.U. Electrical Pressure Pump 
action, iv. 7 1 
pump gets hot, iv^. 75 
refusal to work, iv. 73 
testing, iv. 74 
S.U. Petrolift 
operation, iv. 69 
servicing, iv. 71 
Standard cars, ii. 13 

Suction- operated fuel-feed tanks, iv. 65, 243 
Tecalemit Fuel- feed Pumps 
fuel-supply tests, iv. 274 
operation, iv. 270 
servicing, iv. 273 

Testing fuel pumps with compression, gauge, 
iv. 280 

Tilling -Stevens vehicles, ii. 122 
Triumph, ii. 164 


GEARBOXES 


DISMANTLING AND REASSEMBLING 

A.E.C., ii. 505 

Alvis^ ii. 1 19 

Austin 10 b.p., ii. 22, 27 

Commer, ii. 190, 193, 214, 226 

Dennis, ii. 350 

Fiat, ii. 381 

Ford, ii. 42 


Guy, ii. 142 
Hillman Minx, ii. 363 

Lanchester 14-h.p. deluxe synchromesh, ii. 
83, 86 

Leyland, ii. 526 
■Morris Eight, ii. 463 
Morris Ten, ii. 572 
Packard, ii. 5.3, 54 
Rover, ii. 291 
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S.S. Jaguar, ii. 6-4 
Standard cars ; 
loss of synchronisation, ii. 19 
synchronising device, ii. 18 
oil seal, ii. 19 
Thornycxoft, ii. 558 
Tilling -Stevens, ii. 127 
Triumph, ii. 470, 475 
Vatixhall, ii. 255, 260, 26,% 271 

OIL SEALS 

Adjustable packing gland for maiiLshaft, i. 
462 

Austin 10 h-p., ii. 2S 
Gearbox oil seals, i. 460 
Standard cars, ii. 19 
Triumph, ii. 477 
Types of oil seals, i. 460 

OVERDRIVE TRANSMISSION 

Graham overdrive, ii. 315 
Packard overdrive, ii. 321 

OVERHAULING 
A.E.C., ii. 505 
Austin 10 li.p., ii. 24 
Commer, ii. 193, 214 
Ford, ii. 42 

Gilford “ Hera,” ii. 239 
Hillman Minx, ii. 363 
Leyland, ii. 526 

Pre-selective gearboxes (see under separate 
heading) 

Rover, ii, 292 

S.S. Jaguar, ii. 64 
Synchromesh, ii. 24 
Triumph, ii. 474, 476 
Vauxhall, ii. 2.55, 262, 271, 492 


PRE-SELECTIVE GEARBOXES 

Adjustment of pre-selectivo gearboxes, i. 
172-6 

A.E.C. vehicles, ii. 507 
Araistrong-Sidcdeley cars, i. 163 
Daimler cars, i. 176 

Dismantling pro-selective gearbox, i. 176- 
87 

E.N.V., i. 163-76 

Hudson and Terraplane “Electric Hand,” 
iv. 393-406 

Lanchester cars, i. 176 ; ii. 86 
Operation of pre-selective gearboxes, i, 
163-72^ 

Riley cars, i. 163 
Talbot cars, i. 187 
Wilson, i. 163 

REMOVAL OF GEARBOX FROM CHASSIS 

Alvis, ii. Ill 
Austin, 10 h.p., ii. 21 
Commer, ii. 190, 213, 226 
Fiat, ii. 370, 381 
Gilford “ Hera,” ii. 239 
Morris Eight, ii. 455 
Morris Ten, ii. 571 
Packard, ii. 53 

S.S. Jaguar, ii. 61 
Thomycroft, ii. 557 
Tilling-Stevens, ii. 127 
Triumph, ii. 468 
Vauxhall, ii. 255, 260, 270 

SYNCHROMESH TROUBLES 

Failure of synchromesh action, ii. 19, 26 

Gears slipping out, ii. 26, 476 

Knocking, ii. 25 

Noise, ii. 25, 477 

Roughness, ii. 26 

Whining, ii. 25 


LUBRICATION 


CHASSIS LUBRICATION 

On Alvis cars, iii. 125 
Luvax Bijur system, iii. 201 
Manually operated automatic chassis lubri- 
cation system, iii- 216 
Thermal automatic lubrication system, iii. 
214 

Vacuum -operated automatic lubrication 
system, iii. 202 

ENGINE LUBRICATION 

A.E.C'. 115-h.p. oil-engine, ii. 423 
A.E.tl lt)(.)-h.p. oil-engine, ii. 43l) 

A.E.C. petrol engine.s, ii. 498 
Alvis, ii. U)3 
Commer, ii. 207, 218 
Daimler, ii. 402 
Dennis, ii. 346 

Engine lubricating equipment, iv. 498 


Engine lubricating oils, iv. 297 
Fiat, ii. 377 

Gilford “Hera,” ii. 235 

Guy, ii. 130, 135 

Hillman Minx, ii. 358 

Hudson and Terraplane, ii. 387, 394, 396 

Jowetb, ii. 300 

Lanchestor, ii. 74 

Leyland petrol engines, ii. 513 

Morgan 4/4, ii. 399 

Mon-is Eight, ii. 451 

Oil pTes.sm ‘0 Ioav, causes and cures, ii. 104 

Packard, ii. 49 

Pressure lubrication, iv. 295 

S.S. cars, oil filter, ii. 61 

Thomycroft, il 552 

Tilling-Stevens, ii. 113 

Triumph, ii. 170, 176, 178, 181 

Vauxhall, ii. 241, 257, 263, 479 
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OIL FILTERS 

Tecalemet, ii. 218 

OIL GAUGES AND INDICATORS 
Oil-level Gauges 

Combined petrol and oil gauge, iv. 116 
Oil-pressure Gauges and Indicators 
Electric oil-piessure Telegauge, iv. 58 
Oil-pressure switches, ii. 69, 479; iv- 104 
Oil-pressure switches on Vauxball ears, 
ii. 241 

On Lanchester cars, ii. 69, 75 

OIL PUMPS 

A.E.C. 115-h.p. oil-engine, ii. 423 
A.E.C. lOO-h.p. oil-engine, ii. 430 


PROPELLER SHAFT 

A.E.C., iii. 464 
Alvis, iii. Ill 
Commer, iii. 156, 158, 164 
Ford 6-w’heeler intermediate torque tubes, 
iii. 72 

Gilford ‘‘Hera,’’ iii. 227 
Guy, iii. 143 

Hardy Spicer universal joints, i. 142 

REAR 

BEVEL-GEAR DRIVE 

Adjustment, i. 551 
Alvis, iii. 113 
Austin, iii. 277-288 
Ball-race housing wear repah, i. 560 
Bedford, iii. 495, 505 
Commer, iii. 155, l(il 
Crown-wheel adjustment, i. 553 
Crown-wheel, removal and replacement, i. 
508 

Crown-wheel, testing for truth, i. 569 

Differential construction, i. 5(>3 

Differential dismantling, i. 568 

Differential failure, i. 564 

Differential wear, i. 565 

Fiat, iii. 353 

Gilford “Hera,” iii. 222 

Guy, iii. 148 

Hillman Minx, iii. 344 

Hypoid, iii. 78 

Mbrgaii 4/4 car, iii. 399 

Morris^Eight, iii. 429 

Noises, i. e64()5 550 ; iii- 277 

Oil seals, i. 463 

Paokarci, iii. 77 

Pinion adjustment, i. 554 

Pinion mountings, i. 500 

Pinion-shaft sleeves, i. 564 


Alvis, ii. 104 

Austin 10 h.p., ii. 155 

Commer, ii. 187, 2U1, 219 

Dennis, ii. 346 

Fiat, ii. 379 

Gilford “ Hera,” ii. 237 

Hillman Minx, ii. 358 

Hudson and Terraplane, ii. 3!M 

Jowett, ii. 300 

Leyland, ii. 5 13 

Morris Eight, ii. 452 

Morris Ten, ii. 568 

Packard, ii. 49 

S.S. cars, ii. 59, 63 

Standard! cars, ii. 1 1 

Thomycroft, ii. 552 

Triumph, ii. 170, 181 

Vauxhall, ii. 242, 257, 263, 479 


AND UNIVERSAL JOINTS 

Layrub universal joint, i. 429 
Leyland, iii. 369 
Morgan 4/4, iii. 398 
Scammell mechanical horse, iii. 405 
Standard cars, iii. 39 
'Tharnycroft, iii. 581 
'Tilling-Stevens, iii. 84 


AXLE 

Pinion-shaft wear, i. 501, 562 
Pinion troubles, i. 560 
Rover, iii. 435 
S.S. Jaguar, iii. 93 
Standard cars, iii. 43 
Tauxhall, iii. 172, 178, 183, 573 

DOUBLE-REDUCTION GEAR 

A.E.C., iii. 455 
Leyland, iii. 381 

HUBS 

Alvis, iii. 1 13 
(bmnier, iii. 159 
(Jilford, iii. 223 
(}iiy, iii. 146 
Morgan, iii. 399 
Leyland, iii. 373 
Tilling-Stev’ens, iii. 86 

REAR- AXLE CASINGS 

Cheeking rear axle for accidental tiainagc, 
iii. 314 

Differential casing, i. 562 
lleiiiforcing axle easing to stioid extra 
loading, iii. 316 

Straightening axle casing, i. .T».S ; iii. 315 
W’car on casings, i. 559 
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SHAFTS 

A.E.C., iii. 449 

Austin, iii. 289, 280 

Bent -shaft straightening, i. 557 

Dennis, iii. 326 

Fractured shaft, i, 557 

Gilford “Hera,” iii. 222 

Hillman Minx, iii. 342 

Leyland, iii. 373 

Morris Eight, iii. 429 

Morris Ten, iii. 538 

Rover, iii. 435 

S.S. Jaguar, iii. 93 


Standard, iii. 43 
Twisted shaft, i. 557 
Vanxhall, iii. 170, 176, 177, 181 


WORM-GEAR DRIVE 

A.E.C., iii. 450 
Differential mountings, i. 366 
Lanchester, iii. 49, 54 
Leyland, iii. 373 
Repairs, i. 370 
Tilling-Stevens, iii. 85 
Worm-wheel removal, i. 568 


STEERING 

Operation, i. 524 
Thornycroft, iii. 587 


BISHOP STEERING GEAR 

Arrangements of Bishop gear, i. 128 
Commer, iii. 163, 167 
Guy, adjustment, iii. 150 
Guy, drop-arm removal, iii. 151 
Lanchester, iii. 58 
Overhauling, i. 134 
Reassembling, i. 140 
Rocker shaft and peg, i. 129 
Sewice adjustment, i. 130 
Standard cars, adjustment, iii. 46 
Steering -eoltimn bearings, i. 129 

BURMAN-DOUGLAS STEERING GEAR 

Adjustmg, i. 517 
Commer, iii. 157 
Daimler, iii. 578 

Ford, assembling steering nut, iii. 76 
Overhauling, i. 517 

Standard cars, remedying wear, iii. 45 
Vauxhall, adjustmg, iii. 179 

MARLES STEERING GEAR 

Adjustment, double-roller type, i. 523 

Adjustment, single-roller type, i. 519 

Alvis, adjustment, iii. 122 

Dismantling, i. 518 

Gilford “ Sera,” adjustment, iii. 224 

Lanchester 14-h.p. de luxe, iii. 60 

Overhauling, i. 518 

Standard cars, adjusting, iii. 46 

Tilling-Stevens, adjustments, iii. 89 

NARLES- WELLER STEERING GEAR 

Adjustment for wear, i. 524, 526 
Description, i. 524 


STEERING GEAR 

{See also under Bishop^ Burman- Douglas, 
Maries, and Maries -Weller.) 

Austin, i. 527 

Cam and follower type, i. 515 
Fiat, iii. 362 
Hour-glass worm, i. 527 
Morris Commercial, i. 530 
Morris Eight, steering-column assembly, 
iii. 422 

Morris Ten, steering- column assembly, 
iii. 542 

Packard, iii. 82 

S.S. cars, steering column, iii. 95 
Scamraell mechanical horse, iii. 403 
Steering tronhles and remedies, i. 538 
Worm-and-nut type [see Burman-Douglas) 
Worm-and.-wheel type, i. 515 
Worm and worm sector, i. 527, 530 ; 
iii. 362 

STEERING JOINTS 

Adjustable steering-ball joints, i. 544 

Adjusting joints, i. 546 

Alvis, checking joints, iii. 122 

Fiat, iii. 361 

Hillman Minx, iii. 349 

Oil-less rubber-cushioned joint, i. 546, 547 

Play in ball joints, i. 546 

Self-adjusting ball joints, i. 543, 544 

Steering troubles due to joints, i. 538 


SUSPENSION 


INDEPENDENT FRONT-WHEEL 
SUSPENSION 

Bedford JCV 10/12-cwt. I'an, iii. 501 

Buiek, iii. 304 

Chevrolet, iii. 126, 136, 305 

Citroen, iii. 306 

Coil-spring suspension, iii. 304 


Daimler, iii. 394 

Examination for suspected damage to 
units, iii. 304-7 ' 

Fiat, iii, 357 

Helical -spring calculations, iii. 482 
Hillman, iii. 306 
Humber, iii. 97-110, 306 
Knee-action, iii. 126 
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Xaachester 14 h.p. de luxe, iii. 56 
Morgan. 4/4, iii. 400 
Oldsmobila, iii. 304 
Opel, iii. 305 
Packard, iii. 81, 304 
Standard cars, iii. 44, 306 
Stadekaker, iii. 306 
Torsiori-bar suspension, iii. 306 
Yauxhall, iii. 62, 306, 570 

LEAF SPRINGS 

Ali^ment of leaves, iii. 350 

Building up neiv spring, iii. 473 • 

Causes of spring failure, iii. 467 

Extra-load leaves, iii. 485 

Eord, reassembling springs, iii. 77 

Eorming spring eyes, iii. 474 

Hardening and tempering spring leaves, iii. 

471 

Hillman Minx, iii. 350 
Ley land, iii. 395 
Location of centre bolt, iii. 484 
Maintenance, iii. 350 
Packard, rear suspension, iii. 81 
S.S. cars, iii. 96, 96 
Spring calonlationa, iii. 474 
Spring steel, iii. 471 


Spring wedges, iii. 484 

Standard cai-s, replacing springs, iii. 48 

Temporary repair of broken springs, iii. 470 

Thomyeroft, iii. 591 

Types of springs, iii. 470 

Vanxliall, rear springs, iii. 175 

SHOCK ABSORBERS 

Alvis, iii. 123 
Andre multiplex, iii. 402 
Andre hydro-telecontrol shock absorbers, 
iu. 528 

Luvax hydraulic shock absorbers, iii. 1-25 
Morgan 4/4, iii. 401, 402 
Packard, iii. S3 

Scammell mechanical horse, iii. 404 
Vauxhall, rear, iii. 176 

SPRING SHACKLES 

Curing spring- shackle rattle, iii. 443 
Hillman Minx, iii. 349 
Leyland, iii. 395 
Morris Eight, iii. 422 
Screwed shackles, iii. 422, 477 
Shackle pins and bushes, iii. 422, 477 
Silentbloc bushes, iii. 477 


WATER COOLING SYSTEM 


FANS 

A.E.C. 115-b.p. oil-engine, ii. 419, 421 
A.E.C. 100 -h.p. oil-engine, ii. 431 
A.E.C. petrol engines, ii, 497 
Balancing, ii. 11 
Commer, ii. 186, 205 
Dennis, ii. 345 
Eiat, belt tightening, ii. 381 
Guy, belt adjustment, ii. 136 
Hudson and Terraplane, belt adjustment, 
ii. 395 

Leyland, ii. 532 
Packard, ii. 52 

Standard cars, balancing, ii. 10 
Thomyeroft, ii. 550 
Tilling- Stevens, ii. 118 
Triumph, belt replacement, ii. 163 
Yauxhall 14 h.p., ii. 490 

RADIATORS 

Radiator flow test, ii. 490 

Radiator repairs, iii. 545 

Dse of anti -freeze in radiators, iv. 290 

THERMQSTATS AND THERMOMETERS 

Ohecking thermostats, iv. 286 
Commer thermostat, ii. 207 


Packard thermostat, ii. 52 
Pump-type thermostats, iv, 286 
Smith thermostats, iv. 286-90 
Thermometers, iv. 294 
Thermo-syphon type thermostats, iv. 288 
Vauxhall thermostat, ii. 490 
Water temperature Telegauge, iv". 58 

WATER PUMPS 

A.E.C. 115-h.p. oil-engine, ii. 419, 422 

A.E.C. 100-h.p. oil-engine, ii. 431 

Alvis, ii. 108 

Commer, ii. 204, 220 

Daimler “ 15,” ii. 402 

Demiis, ii. 345 

Gilford “ Hera,” ii. 237 

Guy, ii. 136 

Lanehester, ii. 70, 75 

Leyland, ii. 521, 526 

Morris Ten, ii. 570 

Packard, ii. 52 

Rover, ii. 285 

Squeaks from pump, ii. 70, 108 
Standard cars, ii. 11 
Thomyeroft, ii. 556 
Tilling -Stevens, ii. IIS, 119 
Triumph, ii. 173, 181 
Vauxhall, ii. 255, 260, 265, 490 



INDEX TO VOLS. I— IV 


A.C. fuelpxunps, iv. 119 
pressures, iv. 132 
testing, iv. 121 
Ace solder spray gun, iii. 255 
Ackerman steering, i. 534 
A.E.C.— 

automatic brake adjusters, 
iii. 451 

brake layout, iii. 459 
brake -shoe rubbing plates, 
iii. 461 

chassis, iii. 449 
clutch (all types), ii. 499 
clutch adjustment, ii. SOI 
double-reduction rear axle, 
iii, 453 

fluid flywheel, ii. 504 
gearbox, ii. 505 
oil engines, ii. 410 
pre-selective gearbox, ii. 
507 

propeller shafts, iii. 404 
radiator, iii. 655 
rear axles, iii, 449 
relining brakes, ii. 511 
six-cylinder oil-engine, ii. 
412 

spring shackles, iii. 405 
swivel axlo and brake 
drum, iii. 458 
underslung rear-axle di'i\’e, 
iii. 451 

A.E.C. oil-engine- 

camshaft pinions, ii. 439 
camshaft removal, ii. 434 
combustion chamber, ii. 
411 

four-cylinder, ii. 431 
oil pump and lubrication, 
ii. 423 

pistons and connecting 
rods, ii. 417 

power regulation, ii. 411 
rear axle -worm wheel, 
adjusting, iii. 452 
sectional drawing, ii. 415 
timing, ii. 433 
timing- chain arrangement, 
ii.418 

timing chain, replacing, ii. 
438 

water pump and dynamo 
drive, ii. 421 

A.E.C. lOO-h.p. oil-engine — 
engine, ii. 425 


A.E.C. lOO-h.p. oil-engine — 
Gontd. 

oil pump, ii. 430 
timing-gear drive, ii. 426 
A.E.C. petrol engine, ii. 493 
cranfehaft locking device, 
ii. 494 

fan arrangement, ii. 497 
oil-pressure regulation, ii. 
498 

piston-ring fitting, ii. 496 
timing, ii. 494 
Aero piston rings, i. 84 
Addon pneumatic valve gi'in- 
der, i. 362 

All-steel bodies (see Bodies) 
Aluminium cylinder-head 
testing surface, ii. 1 52 
Alvis — 

bevel pinion, iii. 1 14 
brakes, iii. 118 
clutch, ii. 108 
engine moimting, ii. 102 
gearbox, ii. 109 
oil-pressure release valve, 

ii. 105 

petrol vaporisation, ii. 107 
rear axle, iii. Ill 
starter location, ii. 112 
steering, iii. 120 
timing engine, ii. lOO 
timing gear, ii. 97 
\'alve removal, ii. 94 
.■V tiial — 

flaine trap, iv. 484 
flowmeter, iv. 366 
Ambulance conversion from 
van, iii. 518 

Andre hydro -telecontrol 
shock absorbers, iii. 528 
fitting, iii. 537 
loss of pressure, iii. 536 
maintenance of, iii. 531 
model EIST, iii. 532 
model HC, iii. 533 
Anti-dazzle devices, iv. 266 
Armature — 
drop test, iv. 336 
testing, iv. 15, 208, 336 
testing apparatus, iv. 445 
testing, by growler, iv. 337 
Armstrong Siddeley, Girling 
brake, i. 161 

Austin, bevel-meshing tool, 

iii. 282 


Austin Seven — 

bevel-shaft driving flange 
withdrawal, iii. 287 
rear axle, iii, 277 
torque- tube units, iii. 285 
Austin Ten — 

bevel-drive units, iii. 281 
clutch, ii. 29 

connecting rod and piston, 
ii. 151 

engine, ii, 145 
engiue and gearbox, re- 
moving, ii. 146 
engine, dismantling, ii, 145 
engine, reboring, ii. 154 
fitting Wellworthy rings, 
ii. 168 

gearbox, ii. 30 
Girling brake, i. 156 
rear axle, iii. 277 
steering, i. 628 
timing chain, ii. 147 
universal extractor, iii. 278 
valve timing, ii. 151 
Automatic carburettor con- 
trol, Delco-Bemy, i, 323 
Automatic ignition timing, 
iv. 253 

Autovac fuel pump, iv. 67, 
244 

Axle beam straightening, iii. 
310 

Axles, front, i. 531 ; iii. 
357 

A.E.C., iii- 450 
Chevrolet, iii. 136 
Commer, iii. 157, 162 
Dennis, iii. 332 
Fiat 500, iii. 353 
Ford, iii. 74 
Gilford, iii. 219, 225 
Gfiiy, iii. 148 
Hillman Minx, iii. 346 
Lanchester, iii. 56 
Leyland, iii. 371, 387 
Packard, iii. 78, 81 
Standard, iii. 42 
.straightening, i. 537 ; iii. 
310 

rriuniph, iii. 442 
Vauxhall, iii. 62 
Axles, rear — 

A.E.C.,iii.449 
Alvis, iii. 112 
Austin, iii. 277 
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Axles, Rear — Uontd. 

Bedford, iii. 495 
Commor, iii. 158 
Dermis, iii. 825 
Fiat 500, iii. 353 
Ford, iii. 7 1 
Grilford, iii. 222 
G-ny, iii. 145 
Hillman Miax, iii, 341 
Lanohester, iii. 49 
Leyland, iii. 372 
Morgan, iii. 399 
Morris Ten “ M,” iii. 538 
repair of, i. 549 ; iii. 314 
Rover, iii. 432 
Scammell M.H., iii. 407 
Standard, iii. 40 
straightening, iii. 315 
test for accuracy, iii. 49 
Vanxhall, iii. 169, 182, 573 

A-xle shaft- 
fractured, i. 557 
straightening bent, i. 557 
twisted, i. 557 

A-xlea, stub, general layout, 

iii. 211 

BaTbbitt melting‘pot, i. 433 

Ball races, removal of, i. 212 

B & T valve-seat insert tool, 
using, i. 396 

Batteries — 

care of, iv. 49, 439 
preparing for cbarging, iv. 
42 

replafcing, iv. 424 
testing, iv. 43, 438 
types of and operation, iv. 
27 

Battery and starter testmg, 

iv. 487 

Battery cables, size of, iv. 49 1 

Battery chargers — 

commutating rectifier, iv. 
31 

copper- oxide rectifier, iv. 39 
ionic rectider, iv. 34 
motor generator, iv. 34 
selenium rectifier, iv. 42 
thermionic valve rectifier, 
iv. 35 

Battery charging — 

constant current, iv. 43 
constant-potential method, 
iv. 50 

series method, iv. 44 
series -parallel conneetloi i, 
iv. 4i? 

IHedford— - 

brake layout (model Iv), 
iii. 499 

chassis, K, M, and <J 
models, iii. 495 
M.R.O. IV — 38a 


Bedford — Gontd. I 

JCV 10/12-cwt. van, front 
hub and brakes, iii. 503 
rear axle (model K), iii. 495 
spiral-drive pinion, iii- 496 
Bedford brake adjustment — 
JCV l2/12-cwt. van, iii. 507 
models M and O, iii. 500 
Bendix brake — 
adjustment, i. 114 
anchorages, i. 108 
cam actuation, i. 109 
servicing, i. 107 
two-lea&g shoe type, i. 
120 

Bendix starter drive, iv. 312, 
349, 355 

Bevel-pinion, Alvis, iii. 114 
Bevel-pinion oil seals, i. 465 
Bicromium and Brimocrome 
valve-seat inserts, i. 392 
Bi-metal electric gauge, Hob- 
son, iv. 55 

Bishop steering, i. 128 
adjustment, i. 130 
dismantling, i. 136 
fitting cam roller, i. 138 
lapping hush, i. 137 
on 16 and 20/25 -cwt. Com- 
mer, iii. 1 63 
on Standard, iii, 46 
Black & Decker valve-seat 
tester, i. 366 
Bodies — 

mono-construction, iii. 200 
Bodies, steel — 
alignment of, iii. 265 
body Jack in use, iii. 235 
breaking welds, iii. 247 
cutting out parts, iii. 229 
filling with solder, iii. 257 
fitting quarter panel, iii- 232 
fitting door pillar, iii. 23 1 
oxy-acetylene welding r€ 
pairs, iii. 230 
patching, iii. 245 
repairing crushed back- 
panel, iii. 251 

repairing damaged side, 
iii. 253 

repair of, iii. 20, 228 
scuttle repair, iii- 249 
stock parts, iii. 263 
tools for repair, iii. 230 
Body — 

tilling spray gun, iii. 255 
jack, iii. 241 
lifting tackle, iii. 4 IS 
parts, Morris Ten, berirs 
“ M,” iii. 261 

repaii-s hy hotmetal shrink- 
age, iii. 26 

reshaping of, iii. 250 


f)09 

Bolmalite piston, i. 57 
Borg & Beck clutches, i. 256 
additional adjustment on 
14R2, 16R, and 10R2, 
i. 262 

adjusting, i. 27C 
assembling, i. 269 
dismantling R and E2, i. 
262 

dismantling R, R2, GJA-G, 
and knife edge, i. 263 
faults and remedies, i. 258 
inspecting for faults, i. 266 
knife-edge fulcrum tvpe, i- 
261 

lining up toggles, i. 278 
mechanical faults, i. 270 
misalignment of, i. 282 
pedal travel, i. 260 
release-lever action, i. 261 
mlining, i. 279 
setting with gauge, i. 275 
worm thrust race, i, 257 
Box frame jig, hi. 300 
Brake drums, building up 
worn, i. 472 
Brakes — 

Alvis, iii. 1 18 
Bedford JCV L0/12.cwt.. 
iii. 503 

Bedford (model “K”), iii. 
498 

Bendix, shoe adjustment, 
i. 118 

Bendix servicing, i. 107 
Chevrolet, hi. 137 
Claytion Dewandre, i. 284 
Compensation on “ SS ” 
iii. 94 

Cowdrey', i. 122 
Cowdrey’’ compensator, i. 
125 

Daimler, Girling, i. 158 
Dennis, iii. 337 
Fiat 500, ih. 364 
Ford, iii. 75 
Gilford, iii. 221 
Girling, i. 149 
Lanchester, hi. 55, 57 
Leyland, iii. 392 
Lockheed, i. 233 
^Morgan, iii. 399 
Packard, iii. 7S 
!-elining, i. 249 
Servo, i. 284 

'fillings- Ste\t‘iirf, iii. !♦!> 
Vauxhall, L6, 12 h.]>. aiit! 
i 14 h.p., iii. JSi> 
i Brake testing- - 
[ meter, iii. 489 

stopping distances (tablrO. 
iii. 492 

Bricoflex piston ring, i. SO 
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Brico pistoD rings, i. 86 
Brinnelltest on axles, iii. 313 
Bumper straightening by 
bydraulio jack, iii. 240 
Burman -Douglas steering, i- 
616 

“ Burma ” valve-seat tool, i. 
393 ; ii. 149 

Bush, spring, removing tool, 
iii. 350 


Cab, platform over, construct- 
ing, iii. 615 
Camber angle, i. 532 
Camshaft — 

, gear-wheel puller, ii. 330 
removing, ii. 331 
testing gear wheel for 
truth, ii. 332 

Cams, worn, building up, iv. 
151 

Cancelling switches, traffi- 
cator, iv. 110 

Capacity meter, use of, iv. 529 
Car — 

greasing and lubricating 
equipment, iv. 499 
noise detection, iv. 319 
•warmers, electric, iv. 239 
washing plant, iv. 247 
Carbon brushes, bedding, iv. 
443 

Carburation, elements of, i. 9 
Carb-ui’ettor — 

adjusting for maximum 
performance, ii. 585 
auto-control (Deleo-Remy), 
i. 323 

Carter, i. 571 

on Alvis Silver Crest, ii. 107 
on Ford S and 10, ii. 41 
on “ S.S.,” ii. 57 
on Vauxhall, ii. 259, 270 
pump type, i. 19 
Solex, i. 17, 21 
Stromberg, i. 369 
S.U.,i. 11,217 
Zenith, i. S7 
Carburettor settiags — 

Guy, ii. 139 
Tilling-Stevens, ii. 122 
Triumph, ii. 183 
Carter carburettors, i. 57 1 
Caster angle, i. 531 
C.A.V.— 

axial starter, iv. 441 
control boards, iv. 452 
cut-outs, iv. 461 
dynamos, iv. 451 
headlamps, iv. 581 
lamps, iv. 587 
oil-fuel pumps, i. 193, 305 


Q.k.V.—Contd. 

starter brush spring pres- 
sures, iv. 446 
starters, iv. 440 
starters, clutch, iv. 449 
starters, clutch torque test, 
iv. 448 

switchboards, iv. 561 
switches, iv. 570 
switch panels, iv. 568 
voltage controller (type 
B2), iv. 453 

voltage cut-out and regu- 
lator, iv. 343 

windscreen wipers, iv. 588 
C.A.y. regulator — 
type BJ, iv. 457 
types BGr, BJ, BK, iv. 458 
types B1 and B2, iv. 455 
CelMose — 

enamelling, iii. 191 
standard colour composi- 
tion, iii. 196 
Oellulosiag, iii. 185 

application of filler coat, 
iii. 185 

filling and stopping, iii. 187 
final coat, iii. 191 
finishing, iii. 193 
fiafcting, iii. 190 
masking, iii. 188 
stopping, iii. 187 
“ Cen trilock ” valve -seat in- 
serts, i. 398 

Charging batteries (see Bat- 
tery charging) 

Chassis alignment, iii. 266, 
393 

Chassis {see- Frame, etc.) 
Chevrolet — 

brake adjustment, iii. 1 39 
checking crankshaft, ii. 327 
clutch, ii. 336 
engiue, ii. 324 
independent suspension, iii. 
126 

knee action, iii. 126 
main bearings, ii. 328 
pistons, ii. 324 
Cigar lighter, electric, iv. 241 
Clayton-Dewandre — 

automatic brake adjusters, 
i. 417 

-Lockheed brake, i. 253 
Clayton-Dewandre vacuum 
brake — 

adjustment, i. 294 
distributor valve, i. 291 
exhauster, i. 303 
onA.E.C., iii. 462 
pedal-type servo, i, 297 
refitting servo, i. 293 
single-unit servo, i. 284 


Clayton-Dewandre vacuum 
hTsike—Contd. 
with reservoir, i. 296 
with separate reaction 
valve, i. 303 
Clocks, electric, iv. 237 
“Clupet” piston rings, i. 90 
Clutch — 

A.E.C., ii. 499 
Alvis, ii. 108 
Austin Ten, ii. 29 
Borg & Beck, i. 256 
Chevrolet, ii. 336 
Commer, ii. 189, 210 
Dennis, ii, 349 
Tiat 600, ii. 380 
Crilford-Hera, ii. 236 
Guy, ii. 142 
Hillman Minx, ii. 363 
Lanchester 15/18h.p., ii. 83 
Ley land, ii. 522 
Morgan, ii. 400 
Packard, ii. 60 
plate, alignment of, i. 280 
Hover, ii. 280 
spring tester, ii. 30 
“ S.S.,” ii. 61 
Standard, ii. 14 
Thorny croft TC/4, ii. 555 
Tilling- Stevens, ii. 124 
Triumph Gloria, ii. 468 
Yauxhall Fourteen, ii. 489 
Coach conversion into van, 
iii. 521 
Coal gas — 

adjusting petrol engine for 
use on, iv. 485 
as substitute for petrol, iv. 
482 

fiame trap, iv. 484 
Coil ignition, iv. 538 
bench repairs, iv. 551 
fault finding, iv. 542 
Coil testing, iv. 216, 322, 557 
Commer — 

front axle, type 1^2, iii. 166 
H2, N3, 3Sr4, M5, and LH5, 
clutch and gearbox, ii. 
225 

propeller ■ shaft Layrnb 
couplings, iii. 164 
rear axle, type N2, iii. 165 
removing and renovating 
valve inserts, ii. 198 
transmission on models 
^2, M3, N4, and LM5, 
iii. 164 

tyre-pressures, iii. 107 
Commer, carburettor settings, 
ii. 209, 224 

Commer S-cwt. v^an — 
clutch, ii. 189 
crown, wheel jigs, iii. 154 
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Oomrner 8-cwt- van — Co td. 
engine and suspension, ii. 
185 

gearbox, ii. 190 
rear axle, iii. 167 
servicing, iii. 153 
Conomer 15-cwt. and N1 
models — 

cylinder head, ii. 198 
front axle, iii. 161 
gearbox, ii. 213 
main bearings, ii. 203 
propeller shaft, iii. 168 
pump position for ignition 
timing, ii. 207 
rear axle, iii. 159 
steering, iii. 163 
water-pump impellor, ii. 
271 

Conomer ISTB and LISTS models 
cylinder head, ii, 215 
Commutators, imdercutting 
mica, iv. 446 

Compensated- voltage control, 
iv. 339 

Compression gauge, engine 
testing with, iv. 278 
Compression-ignition engine 
fuel-injection pumps, i. 
193, 305 
Condenser — 

effect on control points, iv. 
415 

testing, iv. 321, 526, 530 
Connecting rod — 

Chevrolet dipper, ii. 334 
Lanchester, ii. 57 
repairs, i. 432 
Connecting rods — 
aligning, i. 448 
checking clearances of, ii. 
334 

checking piston alignment, 
i. 449 

correct fit, i. 446 
lathe boring jig, i. 445 
machine boring, i. 443 
moulding bearings in sand, 
i. 438 

oil-groove designs, i. 447 
running bearings, i. 434 
running metal direct, i. 
438 

Constant - potential battery 
charging, iv. 50 
(yontact-point pressure, iv. 
415 • 

Controllers, Lclco-Heiuy, iv. 
180 

Copper -oxide rectidcr, iv. 5t) 
O^vino pistons, i. 63, 65 
Cowdrey brakes, i. 122 
ccimpensator, i. 1 26 


Cowdi'cy brakes — Contd. 
expander, i. 124 
servicing, i. 122 
Crankpin trueing tools, i. 408 
Crankshaft — 

dial -gauge test, i. 406 
grinding operation, i. 411 
laps, i. 409 

main bearings (aligning), i. 
413 

repairs, i. 405 
straightening, i. 407 
welding, i. 415 
Crown wheel — 

and bevel pinion, correct 
and incorrect positions, 
i. 555 

back-lash measureinent, i. 
554 

jig, 8-cwfc. Commer, iii. 154 
Crown wheels, testing for 
truth, i. 569 
Crypton engine — 
tester, i. 4 ; iv. 218 
timing equipment, iv. 215 
Current-voltage controllers, 
American practice, iv. 
343 

Cut-out, Delco-Remy, iv. 209 
Cylinder block — 

Lanchester, ii. 67 
repair of, iii. 316 
Cylinder- bore wear, causes 
and effects, i. 481 
Cylinder — 

gauge, Mercer, i. 59 
grinding, i. 499 
head joint, breaking, i. 340 
head, nut tightening, i. 339 
head, testing flatness, ii. 152 
liners, fitting, i. 608 
testing with micrometer, i. 
59, 600 

Cylinder boring— 

from base of block, i. 498, 
589 

from top ofblock,i.508, 584 
“ in situ,” i. 507, 593 
methods, i. 499, 584 
sloping head blocks, i. 599 

Daimler, Girling brakes, i. loS 
Daimler 15— 
engine, ii. 401 
mixture control, ii. 407 
pistons, ii. 4(.l7 
timing, ii. 407 

Daimler Straiglit Might (.‘U- 
litre) - 

brakes, iii. 576 
cyliiuler - block removal, 
* and replacement, ii. 577, 
57 8 


' Daimler Straight Eight (31- 
litre) — Contd. 
decarboiiisingeiigiiie, ii. 575 
steering, iii. 578 
tappet adjustment, ii. 579 
valves, ii. 578 
wheel alignment, iii. 578 
Damper, Triumph, ii. 168 
Dampers, vibration, ii. 309 
Decarbonising, i. 337 
Guy, ii. 131 
Lanchester, ii. 66 
Defroster, electric, iv. 235 
Delco-Remy — 

automatic carburettor con- 
trols, i. 323 

centrifugal control distri- 
butor, iv. 413 
coil ignition, iv. 407 
contact-point pressure, iv. 
415 

controllers, iv, 179, 193 
current-voltage regulator 
test specifications, iv. 2 10 
cut-outs, iv. 209 
distributors, iv. 412 
distributors, British made, 
iv. 417 

distributors, synchronising 
breakers, iv. 421 
dynamos, iv. 179 
over-running clutch 
starter, iv. 350 
service coil, iv. 409 
starter (clutch type) drive, 
iv. 315 

starting motors, iv. 349 
step-v’oltage test specifica- 
tions, iv. 212 

switch extension coil, iv. 
408 

testing apparatus, iv. 197 
third- brush dynamo, iv. 1 79 
vacuum - control distribu- 
tor, iv. 413 
Dennis — 

bi’ake, iii. 337 
clutch (cone tvpe), ii. 341, 
347 

engine, ii. 341 
front axle, iii. 333 
fitting flywheel, ii. 343 
front- wheel hub, iii. 333 
gearbox, ii. 350 
rear axle, iii. 325 
rear-axle hub, iii. 329 
ivur brakt?-shoe adjust- 
ment, iii. 338 
swivel axles, iii. 335 
timing, ii. 344 
water-pump, ii. 349 
De wand re servo brake { .n( e 
Clayton-Dewaiidre) 
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Dial gaag© for measuring 
cj^linder liore, i. 509 
Diaphragm, engine control, i. 

320 

Diesel engine cycle, ii. 410 
Differential construction, i. 
563 

Differential failures, i. 564 
Differential gears — 

taking up slack in, i. 565 
wear in, !. 567 
Differential repairs, i. 562 
Dipper-switcli circuits, iv. 262 
Distributor — 

double -lever type, iv. 543 
Ford Y -8, iv- 20 
Packard, ii. 48 
synchroscope, iv. 327 
Triumph, ii. 163 
Dovm-draught carburettor, i. 
9 

Down-draught carburettor, 
Zenith, i. 95 
Drain pipe, roof, iii. 273 
Drop test, iv. 336 
Dtimb-irons, repair of, iii. 297 
Duo-focal reflector, iv, 267 
Dyer starter drive, iv. 350 
Dynamos — 

C.A.Y., iv. 451 
checking performance of, 
iv. 449 

Delco-Beiny, iv. 179 
Fiat 500, iv. 379 
internal diagrams, iv. 332 
maintenance of, iv. 203, 453 
Dynamos and charge-control 
systems, iv. 332 
Dynamo voltage control,!. 1, 
180, 338, 455 

Earthing cable dimensions 
test, iv. 489 

Eccentric ball joints, i. 544 
Electric — 

ear warmers, iv. 239 
clocks, iv. 237 
defrosters, iv. 235 
gauges (see Gauges) 
testing apparatus, iv. 319, 

321 

“ Electric hand,” Hudson, iv. 
393 

Engine — 

tester (Ciypton), i. 4 
testing by compression 
gauge, iv. 278 
timing equipment, iv. 215 
vibration dampers, ii. 309 
Engines — 

adjusting, for niaxinuun 
performance, ii. 580 
A.E.C., ii. 410 


Engines — Goutd. 

Aivis, ii. 100 ^ 

Austin. Ten, ii. 145 
Chevrolet, ii. 324 
Daimler 15, ii. 401 
Daimler, Straight Eight, 

ii. 575 

Dennis, ii. 341 
Fiat 500, ii. 371 
Gilford Hera, ii. 228 
HillmanMinx, ii. 363 
Hudson and Terraplaiie, ii. 
385 

Jowett, ii. 295 
Lanchester, ii. 65 
Deyland oil-, ii. 527 
Ley land petrol, ii. 513 
Morgan 4/4, ii. 397 
Morris Eight (Series E), ii. 
441 

Morris Ten (Series M), ii. 
561 

Eover, ii. 273 
Standard, ii. 1 
Triumpli, ii. 161 
Yauxhall 10 and 12h.p., ii. 
241 

Tauxhall Poui'teen, ii. 479 

gearbox, i. 163 

rear axle on Lanchester, 

iii. 54 

Ethylene-glycol, iv. 291 
Exhaust-gas analyser, ii. 

587, iv. 328, 367 
Extreme-pressure oils, iv. 30 1 

Fan assembly, Standard ii., 1 1 
Fan, Guy, ii. 136 
Fault diagnosis, systematic 
location, i. 3, iv. 304 
Ferodo brake-testing meter, 
iii. 489 
Fiat 500-— 

body overhaul, iii. 365 
brakes, iii. 364 
clutch, ii. 380 
crankshaft and bearings, ii. 
374 

differential, iii. 357 
dynamo, iv. 379 
electrical equipment, iv. 37 7 
engine, ii. 371 
engine cross-section, ii. 379 
front springing, iii. 357 
front-wheel detail, iii. 361 
gearbox, ii. 381 
lighting switch, iv. 3S;{ 
lubrication, ii. 377 
radiator, iii. 363 
rear axle, iii. 353 
removing engine, ii. 370 
repair tools, iii. 355 


Fiat 500 — Gcntd. 

starting motor, iv. 382 
steering adjustment, iii. 
361 

transmission brake, iii. 364 
valve and ignition timing, 

ii. 372 

valve data, ii. 378 
wii'ing diagram, iv. 378, 380 
Field -coil testing, iv. 6, 14 
Field -coil windings, iv. 335 
File, for gapping piston rings, 
i. 77 

Filling dents in bodywork, 
iii- 257 
Filter, oil — 
on Guy, ii. 134 
on Triumph, ii. 178 
Filters, Dennis, ii. 346 
Flowmeter, petrol, iv. 366 
Flywheel — 

alignment of, i. 281 ; ii. 333 
building up teeth of, iv. 146 
Flywheel, fluid — 

A.E.C., ii. 504 
Lanchester, ii. 82 
Flywheel starter gears, fit- 
ting, i. 385 
Ford — 

brakes, i. 159 ; iii. 75 
differential, iii. 72 
8 and 10 carburettor, ii. 41 
electrical system, iv. 19 
front axles, iii. 75 
general overhaul, ii. 34 
petrol and oil gauge, iv. 24 
preloading pinion bearing, 

iii. 71 

rear axles, iii. 71 
steering, iii. 75 
timer test (distributor), iv, 
19 

torque tube, iii. 73 
Y-8 engine bearer, ii. 39 
Y-8 valve assembly, ii. 36 
wiring diagrams, iv. 22 
Frame — 

alignment, iii. 266 
checking, iii. 293 
front impact, effect of, iii. 
296 

miriforeemeiit, iii. 303 
I'opairs, iii. 289 
repairs, reinforcing, iii. 3()o 
repair when crushed in, iii. 
299 

side impact, effoet of, iii. IMIT) 
Freezing ])ointy of cthyh^iu'- 
glycol, iv. 291 

Front gantry for lorry, iii. 517 
Front- wheel alignmoni’, 
checking, i. 535 
1 Fuel-consumption test, iw 36 
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Fuel -injection panip, C.A.Y.- 
l)aiTel and plimgers, i. 197 
oontrol-rod bushes, i. 210 
delivery valve holder, i. 2011 
diaphragm idling control, 

i. 320 

dismantling, etc., i. 205 
outputs, i. 215 
plunger clearance, i. 305 
pneumatic governor, i. 318 
quadrants and sleeves, i. 
212 

removing plunger guides, i. 
208 

repair tools, i. 201 
speed governors, i. 309 
timing, i. 308 
trouble chart, i. ISO 
type BPil, i. 195 
type BPP, i. 196 
Puel, lo-w-grade, adjusting 
engines for maximum 
performance on, ii. 580 
Puel pump — 

A.C., iv. 119 
A.utovae, iv. 66 
heavy, i. 193 
pressures, iv. 132 
Tecalemit, iv. 269 
test stand, iv. 68, 131 
Puel pumps, iv. 65, 119 
Puel supply, flowmeter, iv. 
366 

dap file, piston ring, i, 77 
das-bag crate for van, iii. 526 
das, exhaust analyser, iv’. 328 
dauge — 

compression, iv. 278 
Mercer cylinder, i. 59 
oil, Ford, iv. 24 
oil, Hobson, iv. 55 
petrol and oil, iv. 113 
petrol, electrical, iv. 113 
petrol, Hobson bi-metal, 
iv. 55 

valve seat, i. 359 
dearbox — 

A.E.C., ii. 505 
Mvis, ii. 109 
Austin Pen, ii. 20 
Commer S-cwt., ii. 190, 
Commer 15-cwt. and A^l, 

ii. 209 

Dennis, ii. 350 
Fiat 50(7, ii. 381 
diiy, ii. 141 ; iii. 143 
Hillman Minx, ii. 302 
Lanehester* self-changing, 
ii. 86 

Uyland, ii. 526 
mainshaft oil seal, i. 402 
Morgan, ii. 400 


G earbox — Co ntd . 

Morris Eight, ii. 463 
Morris Ten, ii. 561 
oil seals, i. 460 
Packard, ii. 51 
Eover, ii. 273, 289 
self-changing in Lanches- 
ter, ii. 87 
“ SS,”ii. 63 
Standard, ii. 18 
Thornycroft TC/4, ii. 556 
Tillings-Stevens, ii. 127 
Triumph dloria, ii. 470 
Yauxhall, ii. 270 
Gear- teeth adjustment, iii. 
173 

Gear-wheel alignment, ii. 330 
Gear-wheel puller for cam- 
shaft, ii. 330 
Gilford-Hera— 
brakes, iii. 227 
clutch, ii, 227 
clutch adjustment, ii. 236 
engines, ii. 227 
foot-brake adjustment, iii. 

223 

front-wheel brakes, iii. 225 
gearbox, ii. 239 
hand-brake adjustment, iii. 

224 

lubrication system, ii. 235 
main bearings, ii. 234 
selector gear, ii. 237 
timing case and chains, ii. 
231 

timing chart, ii. 230 
transmission, iii. 227 
water-pump, ii. 237 
Girling brakes, i. 149 
Girling brakes — 

Austin 10-12 and 14h,p., 
i. 157 

fltting shoes, i, 1 53 
Lanehester, iii. 56 
Lea -Francis, i. 158 
plungers, i. 152 
Riley, i. 159 

Rover, Riley, “SS,” Ford, 
Lea-Francis, Lanehester, 

i. 158 

shoe expander, i. 150 
Governor, engine pncixniatlc, 

ii. 320 

Graham overdrive, ii. 315 
Grinding valve faces, i- 349 
Grinding valve seats, i. 355 
[ Growler, armature tost, i\'.337 
Gudgeon pin — ■ 
fitting, ii. 326 
reniov’al of, i. 60, 64 
Guy— 

carburettor settings, ii. 1 39 
clutch, ii. 144 


riiy — Contd. 
engine, ii. 129 
front axle, iii. 149 
gearbox, ii. 142 
radiator, ii. 131 
rear axle, iii. 145 
timing, ii. 133 
water-pump, ii. 135 

Hardy -Spicer- 

joint on A.E.C., iii. 464 
universal joint, i. 142 
Headlamps — 

alignment of, iv. 160 
focusing, iv. 265, 585 
Helical springs, calculation 
of, iii. 482 

Heplex “ I ” piston, i. 67 
I Hepolite piston, i. 66 
i Hepw'orth & Grandage pis- 
I tons, i. 67 
! Hillman-Minx — 

I chassis, iii. 349 
I clutch, adjustment, ii. 363 
crown wheel and bevel 
adjustment, iii. 347 
crown-wheel jigs, iii, 343 
differential adjustment, iii. 
346 

electrical equipment, iv. 370 
engine, ii. 353 
front axle, iii. 346 
gearbox, ii. 362 
gearbox locking plimger, 
ii. 367 

lubrication system, ii, 355 
rear axle, iii. 341 
springs, iii. 359 
switch connections, iv. 372 
tappet clearance, ii. 354 
timing, ii. 357 
valve timing, ii. 356 
wiring diagram (1938), iv. 
374 

wiring diagram (1939), iv. 
371" 

Hinges, resetting, iii. 259 
Hobson Telegage 
electric, iv. 55 
liquid, iv. 55, 60 
Holding-ilovvn bolts, removal 
of, iii. 416 
Hook's joint, i. 142 
Horn, Klaxon, iv. 281 
Horns, Lucas, iv. 475 
Hot-metal shrinkage, body 
repairs, iii. 26 
Hour-glass steering, i . .">2 7 
j Hudson — 

* (1938) 112 89, wiring <Ua- 

; gram, iv. 391 

(1939) 16-9, wiring din- 

i gram, iv. 38s 
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Hudson— C'on;'<i. 

(1939) Six, -wiring dia- 
gram, iy. 389 

Hudson, and Terraplan© — 
(1935) clutch circuit break- 
er, iv. 399 

(193 6-7 ) clutch circuit 

breaker, iv. 400 
connecting-rod bearings, ii. 

389 

electrical equipment, iv. 387 
electric hand, iv, 393 
electric hand (1936-7), iv. 
403 

electric-hand wiring dia- 
gram (1938), iv. 405 
engines, ii. 386 
main bearings, ii. 387 
oil-pressure release valve, 
ii. 394 

piston -ring clearances, ii. 

390 

timing, ii. 393 
(1937) wiring diagram, iv. 
392 

(1938) wiring diagram, iv. 
390 

Humber — 

front-wheel suspension, iii. 
97 

torque rod, iii. lOO 
Hydraulic brakes — 

bleeding, i. 245 ; iii. 337 
Manchester, iii. 55 
liockheed, i. 233 
Hydraulic jack for body 
repairs, iii. 237 
Hydraulic jacks, iv- 465 

Ignition — 

coil current consumption, 
iv. 541 

Helco-Remy, iv. 407 
faults, systematic diag- 
nosis, iv. 319 
lord, iv. 19 
tester, iv. 325 
tests with vacu-um gauge, 
iv. 233 

timing, automatic, iv. 253, 
413 

vacuum c ontrol, iv . 2 57 , 4 1 4 
Independent front-wheel sus- 
pension — 

Bedford, iii. 501 
Buick, iii. 304 
Chevrolet, iii. 126, 305 
Citroen, iii. 306 
Daimler, iii. 304 
Hillman, iii. 306 
Humber, iii. 97, 306 
Lanchester, iii. 58, 65 
Oldsmobile, iii. 304 


Independent front-wheel sus- 
pension — Gontd. 

Opel, iii. 305 
Packard, iii. 78, 304 
Standard, iii. 44, 306 
Studebaker, iii. 306 
Yaoxhall, iii. 62, 305, 570 
Yauxhall 10, 12 and 25 h.p., 
iii. 65, 572 

Yauxhall 14 h.p., iii. 570 
Indicators — 
traffic, iv. 105 
wiring diagrams, iv. 1 05 
“In -situ” overhaul, i. 503 

Jack, body, iii. 241 
Jackall hydraulic jack — 
fault diagnosis, iv. 471 
junction boxes, iv. 469 
pump distributor, iv. 467 
Jackall jacking system, iv.465 
Jo-wett — 

breather valve, ii. 303 
clutch, ii. 302 
dismantling timing gear, ii. 
300 

engine, ii. 295 
removing cylinder, ii. 297 
timing marks, ii. 305 
twin engine, ii. 295 
withdrawing connecting 
rods, ii. 298 

King-pin inclination, i. 532 
Klaxon horns, iv. 281 
Knee action, Chevrolet, iii. 126 
Koilster ignition tester, iv. 411 

Lamps — 

alignment of, iv. 169, 585 
focusing, iv. 265, 585 
types of, iv. 259 
Lanchester — 

fluid flywheel, ii. 82 
10-h,p. engine, ii. 73 
12-h.p. (Light Six), timing, 
ii. 80 

14 -h.p. engine, ii. 76 
14 -h.p., timing, ii. 78 
Girling brakes, i. 168 
self-changing gearbox, ii. 86 
worm shaft oil-retaining 
gland, i. 464 

Layrub joints on A.E.C., iii. 
464 

Layrub propeller-shaft uni- 
versal joint, i. 430 
Lea-Prancis, Girling brakes, i. 
168 

Legal repairs, i. 47 
Lein by repairer, i. 51 
Leyland — 

ante-chamber type oil-en- 
gine, ii. 536 


Leyland — Gontd. 
axle removal, iii. 385 
Beaver and Octopus 
brakes, iii. 392 
Beaver, Octopus, and Titan 
road springs, iii. 396 
bevel-pinion shaft, iii. 381 
camshaft assembly, ii. 516 
camshaft timing -wheel ar- 
rangement, ii. 515 
clutch, ii. 522 
cylinder-head nuts, ii. 517 
dijfferential side bearings, 
iii. 375 

direct injection cavity pis- 
ton engine, ii. 529 
double-reduction, axle, iii. 
383 

engine cross-section, ii. 518 
front axle (Beaver and 
Octopus), iii. 387 
front axle (link), iii. 391 
front axle (Titan), iii. 389 
gearbox (Beaver and Titan 
chassis), ii. 526 
hub bearings (Beaver, Oc- 
topus, and Titan), iii. 386 
hub assembly, iii. 371 
Light Six engine, ii. 524 
Light Six timing chain, ii. 
525 

Light Six water-pump, ii. 
525 

Linx brakes, iii. 395 
Linx road springs, iii. 397 
lubrication system, ii. 513 
main bearings, ii. 521 
masked inlet valve, ii. 530 
oil-engine, ii. 527 
piston dimensions, ii. 521 
propeller shaft, iii. 369 
rear axle, iii. 372 
replacing timing chain, ii. 
519 

Titan brakes, iii. 394 
track rod end, iii. 388 
transmission damper, iii. 
370 _ 

valve-timing precaution, ii. 
532 

water-pump, four-cylinder 
engine, ii. 522 
worm wheel and shaft, iii. 
376 

Leyland oil-engine — 

auxiliary turbnlent com - 
bustion chamber, ii. 536 
big-end bearings, ii. 539 
cylinder-head tighteniruc, 
ii. 531 

fuel -pump timing, ii. 510 
pistons, ii. 535 
timing, ii. 529 
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Ley land oil-engine. — Contd. 

valve timing, ii. 537 
Ley land petrol engines, ii. 513 
Ley land petrol engines (Titan 
and Beaver), timing, ii. 
515 

Lighting — 

circuits, iv. 260, 589 
svdtch control, iv. 260, 581 
Liners, cylinder, fitting, i. 608 
Loading racks, iii. 514 
Lockheed brakes, i. 233 
Lockheed brakes — 

adjustable type, wheel 
cylinder, i. 240 
automatic adjuster, i, 245 
barrel type master cylin- 
der, i. 236 
bleeding, i. 245 
cylinder clamp, i. 252 
cfiagrammatie layout, i. 235 
fitting replacement shoes, 

i. 246 

integral type tandem mas- 
ter cylinder, i. 230 
non-adjustable type wheel 
cylinder, i. 240 
overhauling master cylin- 
der, i. 237 

relining shoes, i. 248 
slotted shoes, i. 253 
tank type master cylinder, 

i. 236 

telescopic cylinder, i. 244 
transverse wheel cylinder 
ofbisector 0 Xpand 0 r,i. 24 S 
■wheel cylinder leakage, i. 
233 

Lockheed-Clayton-De\vandre 
brake, i. 253 

Lorry, increasing height of 
sides, iii. 512 

Lo'w-temperature east -iron 
welding, i. 479 
Lubrication — 

Fiat 500, ii. 377 
Grilford, ii. 235 
oils, iv. 295 

Standard ear thermal, iii .46 
Lucas — 

horns, iv. 475 
horns, tracingfaults, iv. 481 
Mellotone horn circuits, iv. 
477 

P.L.C. switch, iv. 261 
rubber starter drive, 316 
S.L.C.l switch, iv. 260 
suction, windscreen wiper, 
dismantling, iv. 497 
suction windscreen wiper 
valve gear, iv. 495 
voltage controller, RF50, 
iv. 343 


Luvax-Bijur chassis lubrica- 
tion, iii. 201 

Luvax-Bijur lubrication — 
chassis layout, iii. 204 
connecting-link bearing.s, 
iii. 17 

front axle, iii. 211 
meter valves, iii. 206 
rear shackle, iii. 210 
Luvax shock absorber, iii . 1 

Magnetic test for axle flawss, 

iii. 311 

Main bearings — 

Ford “ AA ” metalling jig, i. 
455 

Ford “ F-S ” metalling jig, 
i, 456 

Ford “ Y ” metalling jig, i. 
455 

Grilford -Hera, ii. 234 
Morris Minor rear, i. 459 
pouring hot metal, i, 453 
precaution on Chevrolet, ii, 
328 

reaming in line, i. 457 
repairs, i. 452 
setting in lathe, i. 452 
Singer rear, i. 458 
Standard, ii. 6 
Maries steering — 
gear, i. 518 

Tillings-Stevens, iii. 87 
Vauxhall 25 h.p., i. 525 
Maries Weller steering, i. 624 
Master cylinder, Locldieed, i. 
236 

Mercer cylinder gauge, i. 59 
Metered gear- oil equipment, 

iv. 500 

Mica sparking plugs, iv. 519 
Mono-construction bodies, iii. 
260 

Morgan — 

brake relining, iii. 399 
clutch, ii. 400 
4/4 engine, ii- 397 
exhaust -valve cover, ii. 
399 

gearbox, ii. 490 
oil pressure, ii. 399 
rear axle, iii. 399 
shock absorbers, iii. 4U1 
tappet clearances, ii. 398 
transmission, iii. 398 
Morris commercial steering, 

i. 529 

Morris Eight, Series F. — 
body removal, iii. 426 
chassis and body, iii. 422 
detachable panel, ii. 441 
distributor dowel removal, 

ii. 449 


Morris Eight , Series E.— 
Contd. 

electrical equipment , i v. 53 1 
engine, ii. 441 
fitting piston, ii. 458 
gearbox, ii. 463 
instrument panel wires, iii. 
427 

oil-pump removal, ii. 451 
radiator removal, iii. 424 
rear-axle shaft and differ- 
ential, iii - 429 
remov’ing camshaft, ii. 461 
removing distributor drive 
gear, ii. 457 

removing engine and gear- 
box as a imit, ii. 455 
removing fl^heel, ii. 459 
removing piston and con- 
necting rod, ii. 456 
removing timinggear, ii. 460 
removing second- gear bush, 

ii. 465 

selector plungers, ii. 463 
spring mountings, iii. 422 
steering, iii. 425 
sump removal, ii. 450 
synchro-hub, ii. 466 
timing, ii. 462 
windscreen -wiper mechan- 
ism, iv. 631 

wiring diagram, iv. 533 
Morris Ten, Series M — 
body points, iii. 261 
chassis, iii. 538 
differential, iii. 539 
front and rear axles, iii. 538 
removal of front axle and 
steering, iii. 541 
removal of steering column, 

iii. 544 

removing instnunent panel 
and windscreen-wiper 
iiiechanism, iv. 536 
removing rear hub, iii. 539 
steeriug-'wheel extractor, 

iii. 543 

trafficator switch, iv. 535 
I wiring diagram, iv. 534 
! ^Tiidguards, repairing, iii. 35, 
i 196 

I Muffle for welding, i. 475 
; Miiltivent piston ring, aero, 
i i. 84 

! Noises on cars, remedy of, iv. 
j 319 

j Oil filter on Triumph, ii. 178 
1 Oil gauge - 
! Ford,' i\'. 24 

■Hobson bi -metal, iv. 58 
Hobson electric, iv. 55 
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Oil- 

gauges, iv. 113 
leak on gearbox primary 
shaft, i. 461 

Oil-Iess track rod joint, i. 546 
Oil pressure — 

Hudson aud Terraplane, ii. 
394 

Morgan, ii. 399 
release valve, Alvis, ii. 105 
release valve, on Triumph, 
ii. 162 

VauxhaU, ii. 241 
Oil pump — 

removal on Morris Eight, 
ii. 451 

Thornycroft TC/4, ii. 552 
Vauxhall, ii. 242 
One-shot lubrication, iii. 201 
Optical track tester, iii. 292 
Overdrive — 

adj-ustmeut on Packard, ii. 
322 

transmission, Graham, ii. 
315 

transmission, Packard, ii. 
321 

Over-running clutch starter, 
iv. 350 

Oxide-cathode rectifier, iv. 36 
Oxy -acetylene -welding, iv. 
145 

cams, iv. 151 
east-iron, i. 466 
flywheel teeth, iv. 146 
repairs to steel bodies, iii. 
230 


Packard — 
brakes, iii. 7 8 
clutch, ii. 46, 59 
electrical e quipment, i v . 7 6 
engine, ii. 4t3 
front axle, iii. 81 
gearbox, ii. 46, 52 
overdiive adjustment, ii. 
322 

overdrive system, ii. 321 
pinion, preloading of, iii. 78 
pxeloading test on gearbox 
bearings, ii. 54 
rear axle, iii. 78 
steering, iii. 82 
valve chamber, ii. 4C 
Patching bodies, iii. 246 
Petrol- consumption tests, iv. 
365 

Petrol gauge, iv. 113 
Ford, iv. 24 

Hobson hi -metal, iv. 55 
Hobson liquid, iv. 60 
PetTolift, “ SU,” iv. 70 


Petrol pump — 
electric, iv. 69 
on Standard, ii. 12 
“ SU,»’ iv. 70 

Petrol pumps, iv. 119 

Petrol vaporisation, j:\lvi.s ii. 
107 

Piston, testing alignment, ii. 
150 

Piston ring — 

Aero, i. 84 
Brico, i. 84 

clamp, Wellworthy, i. 81 
Clupet, i. 90 
gapping, i. 68 
gauge, i. 88 
grinding, i. 76 
groove turriing, i. 80 
groove wear, i. 80 
measuring, i. 78 
multivent aero, i. 84 
removal pliers, i. 69 
remover, “ Zim,” i. 71 
removing, i. 71 
scraper position, i. 75 
Simplex-Wellworthy, i. 83 
testing, i. 73 
turning jig, i. 78 
Wellworthy, i. 81 

Pistons — 

A.E.C., ii. 417 
and piston rings, i. 55 
Bohnalite, i. 57 
checking by micrometer, i . 
55 

Chevrolet, ii. 324 
fitting, i. 68 

fitting gudgeon pins, ii. 320 
Heplex “ I,” i. 67 
top installation, i. 81 
YauxhaU, ii. 247 

Pliers for removal of pi.ston 
rings, i. 69 

Pneumatic governor, engine, 
ii. 330 

Pneumatic valvo grinder, i. 
363 

Preloading Ford pinion bear- 
ing, iii. 71 

Preloading pinions, iii. 71, 78 

Preloading test on gearbox, 

ii. 54 

Pro-selective gearbox, i. 163 
A.E.C., ii. 507 
E.N'.V., i. 163 
overcoming fierceness on 
A.E.C., ii. 509 
Talbot, i. 187 

Pressure, fuel pump, iv’. 132 

Propeller shaft — 

15 and 20/25-cwt. Commer, 

iii. 158 

on Standard, iii. 39 


Pump — 

A.C.,iv. 119 
carburettor, i. ID 
carburettor niechani.sm, i, 
lOO 

fuel, C.A.V. injection, i. 
193, 303 

fue], Standard, ii. 12 
fuel, “ SIX,” iv. 70 
heavy fuel, i. 193 
petrol, on 'Triumph, ii. 165 
water-, Gilford, ii. 237 
water-, on Commer, ii. 217 
water-, on Guy, ii. 135 
water-, on Triumph, ii, 
168, 173 

water-, Eover, ii. 287 
water-, Vauxhall, ii. 265 
Pumps, fuel,-iv. 119 

Radiator — 

A.E.C., iii. 555 
blanking off faulty tube, 
iii. 550 

bottom tank, removing, iii. 
547 

fixing, Guy, ii. 131 
overflow pipe, faulty, iii. 
551 

repairs, iii. 546 
temporary repair of, iii. 549 
test, ah’ pressure, iii. 547 
testing, iii. 546 
test tank, ii. 488 
top tank, fitting, iii. 553 
tube gland, iii. 560 
vertical tube, fitting liner 
in, iii. 554 
Radiator repairs — 
hexagon film block, iii. 548 
honeycomb film block, iii. 
552, 554 

interleaved film block, iii. 
551 

leak at tank and joint, iii. 
550 

vertical tube block, iii. 552 
Roar axle — 

ball-raco housing wear, i. 
560 

noises, i. 550 
repairs, i. 549 
shaft oil seal, i. 463 
straightening by heat and 
press, iii. 315 
testing adjustment, h 556 
testing jig, i. 559 
pinion trouble, i. 560 
Roar axles — 

continual fracturing of axle 
shafts, i. 558 

crown wheel adjustment, i. 
553 
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Kear axles— CWJ. 

IDmiori sleeve assembling, i. 
S61 

removal of crowm and worm 
wheels, i. 568 

removing differential, i. 565 
screwed sleeve pinion ad- 
justment, i. 552 
Reboring— 

Austin Ten engine, ii. 154 
ch.eckin.g piston sizes, i. 51 1 
cutting, i. 512 
from base of block, i. 4S8, 
58 ^ 

from top of block, i. 508, 
584 

‘‘ in situ,” i. 507, 593 
methods, i. 499, 584 
removal of cuttings, i. 507 
skarpening cutter, i. 509 
sloping-head blocks, i. 599 
Rectifiers — 

coirunutating, iv, 33 
oxide -cathode, iv. 36 
Redwood viscometer, iv. 298 
Regulators, voltage and cur- 
rent, iv. 2, 180, 338,453 
Reinforcing-— 
frame, iii. 305 
van framework, iii. 524 
Repairers’ lien, i. 51 
Repairs, legal position, i. 47 
Ridge removing from cylin- 
ders, ii. 155 

Riley, Girling brakes, i. 158 
Bing, piston — 
gap file, i. 77 
gapping, i. 68 
groove wear, i. 80 
measuring, i. 78 
scraper, i. 75 
testing, i. 73 
turning, i. 80 

Road spring, oscillation 
curve, iii. 3 
Road springs — 

assembly, of iii. 485 
calculations, iii. 474 
faults and causes, iii, 408 
temporary repair of, iii. 470 
use of wedges on, iii. 484 
Rover — 

clutcli, ii, 280 
ongine, ii, 273 
finding exhaust peak, i i. 27 -t 
gearbox, ii. 291 
(lirlfiig brakes, i. 158 
“loose liLib ” ciunshs iff - 
timing, ii. 277 
r(?ar axles, iii. 432 
rear-axle tooth inai'kings, 
iii. 438 

removal of rockers, ii. 279 


Hover — Contd. 
syncliromosh gearbox, ii. 
293 

Safety ring on overhead 
valve, i. 347 
Scale -buoys, iv. 240 
Scammell mechanical horse — 
buffer adjustment, iii, 498 
coupling gear, iii. 419 
rear axle, iii. 497 
removing hubs, iii. 405 
steering, iii. 403 
undercarriage, iii. 411 
Scraper ring, positioning, i. 75 
Scrapoil scraper ring, i. 87 
Scuttle panel removal, iii. 415 
Self-adjusting track rod 
joints, i. 543 
Self-changing gearbox — 
E.hf.V., i. 163 
Lanchester, ii. 86 
Talbot, i. 187, 189 
Senacon air-operated lubri- 
cator, iv. 603 
Shackles, spring, iii. 210 
Shock absorbers — 

Andre telecontrol, iii. 528 
Lucas, iii. 1 
Luvax, iii. 1 
Sif bronze welding, i. 473 
Silentbloc bushes, iii. 477 
Silentbloc hushes — 
fitting to spring eyes, iii.4 89 i 
removal, iii. 350 
spring shackle anchorages, i 
iii. 479 

tolerances, iii. 481 
Singer, Girling brake ad- 
justment, i. 161 
Smith’s hydraulic jacks, iv. 
466 

Smith thermostats, iv. 286 
Solder sprays gun, iii. 255 
Solenoid voltage control, iv. 
341 

Solex carbiuettor, i. 17, 21 
Solex carburettor — 

governor spring test, i. 27 
jet calibration, i. 23 
jet settings, i. 37 
porosity test, i. 25 
testing needle valve, i. 22 
tliormo.statie control, i. 
typcA.I.R., i. 29 
tvpe FAI and AlC, i. 2i> 
tyi)es VA ; 3F,i. 3.3 
S) nil-king plug:-!, iv. 507 
Si>iii*king plugs — 

lit ling in almniiiiuin heads, 
iv'. 518 

fouling by oil, iv. 5H1 
fouling by petrol, iv. 31 I 


Spia rking f'diigs — Co]ntd. 
gap position, iv. 517 
ga.s tightness of, iv. 515 
hot and cold, iv. 508 
K.L.G., iv. 517 
overheating of, iv. 515 
pre -ignition of, iv. 510 
selection of, iv. 598 
spark gaps of, iv. 525 
teinperatui-e limit at plug 
point, iv. 512 
testing, iv. 514 
thread and body dimen- 
sions, iv. 514 
thread lengths, iv. 516 
Specific gravity, iv. 43 
Speedometers, electric, iv. 
166 

Spiral bevel drive — 
adjustments, i. 550 
layout, i. 549 

Spiral -gear teeth adjustment, 
iii. 173 

Spray gim for body filling, 
iii. 255 
Spring — 

eye-bush removing tool, iii. 
350 

eye, varieties, iii. 473 
road, oscillation curve, iii. 3 
shackles, iii. 210 
steel, composition of, iii. 
471 

steel, hardening and tem- 
pering, iii. 471 
steel, stock sizes, iii. 470 
tester, Austin clutch, ii. 3(,i 
Springs — 

assembling, iii. 473 
Fiat 509, iii. 357 
S.S.*’ — “ 

brake compensation, iii. 63, 
93 

ehitcli, ii. 61 
cylinder head, ii. 5S 
engine, ii. 56 
front axle, iii. 94 
gearbox, ii. 63 
Girling brake layout, i. 151) 
rear axle, iii. 93 
steering, iii. 95 
tappet block, ii. 59 
.Standard cars — 
axle repairs, iii. 39 
Bishop steering, iii. 46 
clutch, ii. lt> 

Douglas steering, iii. 4.5 
i-nginc, ii. 1 
tan a.'sseiubly, ii. 1 1 
fitting ucarljox pliuiirers. ii. 

18 ■ 

fi'i Hit axle, i ii. 42 
gcarlu'tx, ii. 18 
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Standard cars — Contd. 
jet sizes, ii. 16 
main, bearing, ii. 6 
propeller shaft, iii. 39 
rear axil©, iii. 40 
synchromesh plunger, ii. 17 
tappet adjustment, ii. 4 
thermal Inbrication, iii. 46 
timing, ii. S 
Starter drives, iv. 312 
Starter drives — 

Bendix, iv. 312 
compression type (inboard 
and outboard), iv. 314 
Delco-Eemy, iv. 315 
Lucas rubber, iv. 316 
Starter gear ring — 
entry edge, i. 387 
fit of pinion, i. 388 
Starter ring tooth clearance, 
iv. 443 
Starters — 

C.A.Y., iv. 440 
clutch torque test, iv. 448 
Delco-Bemy, iv. 349 
torque test of, iv. 17 
Vainshall, iv. 166 
Starting carburettor, S.U. 

thermostatic, i. 228 
Steel bodies, repair of, iii. 228 
Steering — 

Alvis, iii. 120 
Austin Ten, i. 528 
Bishop, i. 128 
Burman -Douglas, i. 518 
cam and roller, i. 617 
Fiat 500, iii. 361 
Ford, iii. 75 
geometry, i. 533 
Gilford, iii. 224 
Guy, iii. 150 
joints, i. 542 
joints, adjustable, i. 545 
joints, effect of worn ball, 

i. 547 

joints, rubber-cushioned 
track rod, i. 547 
Lanchester, iii. 60 
Maries adjustments, i. 518 
Maries .Weller, i. 524 
Morris Commercial, i. 529 
Packard, iii. 81 
Standard, iii. 46 
toe-in, i. 533 

track rod and wheel align- 
ment, i. 546 

trouble-tracing chart, i. 538 
"Vauxball, iii. 179 
Stelliting, iv. 152 
Straightening- 

axle casings, i. 558; iii. 315 
bent axle shafts, i. 557 
Stromhexg carburettors, i. 369 


S.U. carbui’ettor — 

cheeking idling mixtuin, i. 
221 

checking piston, i. 230 
details of, i. 218 
diagrammatio explanation, 

ii. 11 

general description, i. 217 
jet recentering, i. 231 
piston and jet assembly, i. 
219 

Petrolift, iv. 70 
petrol pump, iv. 69 
theory of, i. 11 
thermostatic starting 
carburettor, i. 228 
thermostatic starting car- 
burettor jet assembly, i. 
228 

Suction operated — 
fuel feed tanks, iv. 243 
v^indscreen wipers, iv. 493 
Switch diagrams — 

C.A.V'., iv. 572 
Lucas, iv. 26 1 
Switches, iv. 259, 561 
Synchromesh gearbox — 
Austin Ten, ii. 20 
Austin ball jig, ii. 28 
Lanchester, ii. 87 
Rover, ii. 293 
Standard, ii. 17 
Systematic battery and star- 
ter testing, iv. 487 
Systematic fault diagnosis, 
iv. 304 

Systematic fault diagnosis, of 
distributor, iv. 323, 327 

Talbot preselective gearbox, 
i. 187 

slipping gears, i. 188 
Tapley brake-testing meter, 

iii. 489 

Tecalemit fuel pump, iv. 269 
Tecalemit fuel pumps — 
dismantling, iv. 273 
fuel supply tosts, iv. 274 
Telegage — 

Hobson electric, iv. 66 
Hobson electric bi-metal, 

iv. 55 

Hobson liquid, iv. 60 
Temperature judging by 
colour, iii. 472 
Tempering oil, iii. 472 
Testing and tuning chart, iv. 
307 

Test stand for fuel pump, iv. 
68 

Thermal- 

lubrication, Luvax Bijur, 
iii. 214 


rhermal — Gontd, 

lubrication on Standard, 
iii. 46 

voltage control, iv. 342 
Thermionic- valve rectifier, iv. 
35 

Thermostarter carburettor, 
Solex, i. 30 
Thermostat — 

conical shutter type, iv. 289 
drop-in type, iv. 289 
hose-fitting type, iv. 290 
on VauxhaU Fourteen, ii. 
490 

Smith’s, iv. 286 
thermo -syphon t 3 q>e, iv. 
288 

Thermostatio-— 

carburettor control, i. 331 
starting carburettor SIT, i. 
228 

Thermo -syphon type thermo- 
stat, iv. 288 
Thornycroft Sturdy — 
brake adjustment, iii. 583 
chassis, iii. 580 
front axle, iii. 584 
front- axle stops, iii. 589 
fuel system, iii. 591 
propeller shaft, iii. 581 
rear axle, iii. 581 
road springs, iii. 591 
steering gear, iii. 687 
tyres, iii. 690 
vacuum servo, iii. 585 
wheels, iii. 590 
Thornycroft TC/4 — 

adjusting tappets, ii. 543 
clutch, ii. 655, 557 
cooling system, ii. 550 
cylinder head, ii. 643 
dismantling gearbox, ii. 
567 

distributor, ii. 548 
engine, ii. 541 
engine lubrication, ii. 561 
fan- and water-pump, ii. 65 2 
gearbox and change-speed 
gear, ii. 556 
ignition -timing, ii. 549 
oil pump, ii. 552 
oil specification, ii. 555 
pistons and connecting 
rod.s, ii. 550 
power unit, ii. 541 
removing engine, ii. 559 
timing chain adjustment, 
ii. 545 

timing marks, ii. 545 
valve -timing, ii. 544 
Hillings - S t© vens — 
brakes, iii. 90 
carburettor setting, ii. 122 



INDEX TO VOLS. I— IV 


619 


Tilliiiga-Stevens— Cowilf. 
clutch, ii. 124 
cylinder block, ii. 120 
eiigitxo, ii. 113 
gearbox, ii. 127 
propeller, iii. 85 
rear axle, hi. 85 
rear hubs, iii. 86 
steering, iii. 87 
timing, ii. 115 
water -pump, ii. 119 
Timing — 

A.E.C. oil-engines, ii. 453 
A.E.C. petrol engine, ii. 494 
case, Oilford-Hera, ii. 231 
chart, Hillman Minx, ii. 357 
Daimler 15, ii. 407 
engine, Alvis, ii. 100 
equipment, engine, iv. 2 15 
gear on Triumph, ii. 166 
gear removal, Alvis, ii. 97 
Gilford, ii. 230 
Guy, ii. 133 

Hudson and Terraplane, ii. 
393 

Jowett, ii. 306 
Lanchester 14 h.p., ii. 78 
Ley land oil-engine, ii. 537 
mark, Lanchester 12 -h.p. 

(Light Six), ii. 80 
marks on Lanchester Four- 
teen, ii. 69 

marks on Lanchester 
Twelve, ii. 80 
Morris Eight, ii. 462 
Morris Ten, ii. 569 
Standard, ii. 9 
Thomycroft TC/4, ii. 54 1 
Tillings -Stevens, ii. 115 
tool, for Triumph, ii. 174 
Triumph, ii. 167 
Yauxhall 10 and 12 h.p., ii, 
252 

Yauxhall Fourteen, ii. 482 
wheel alignment, ii. 330 
Toe-in, i. 533 
Toe-out on curves, i. 534 
Tolerances in frame repairs, 
iii. 307 

Tools, body repair, iii. 23t> 
Torque- 

rod on Humber, iii. lOO 
test equipment, iv. 357 
test on starters, iv. 17,357 
tiil)e, on Ford, iii. 73 
Track -rod adjustment, Hum- 
bejf, iii. 98 
Trafficators, iv. 105 

wiring diagrams, iv. 105 
Transin ission — 

brakes on Fiat 500, iii. 364 
Gilford, iii. 227 
ov^erdrive, Graham, ii- 316 


Trico windscreen wiper, iv. 
494 

Triumph — 

body remov'al, iii. 444 
carburettor settings, ii. 1 83 
damper, ii. 168 
dismantling synchromesh 
gearboxes, ii. 475 
distributor end-play ad- 
justment, ii. 164 
engines, ii. 161 
fitting camshaft wheel, ii. 
166 

free-wheel clutch drum, ii. 
476 

front axle, iii. 442 
oil filter, ii. 161 
oil -pump removal, ii. 171 
oil -release valve, ii. 162 
petrol-pump adapter, ii - 
165 

Triumph Gloria — 

adjusting free-wheel cable, 
ii. 477 

clutch, ii. 468 
clutch pedal adjustment, ii. 
469 

engine, ii. 175 
free-wheel mechanism, ii - 
471 

gearbox, ii, 479 
gear control, ii. 475 
rattle in control gear, ii.477 
restrictor valve, ii, 177 
rocker oil-feed pip©, ii. 1 72 
six-cylinder, water-pump, 
ii. 180 

sliding-roof removal, iii. 447 
swivel-pin removal, iii. 442 
thrust bearing clearance, ii. 
170 

water -pump, ii. 176 
Tiingar valve charger, iv. 37 
Turning piston-ring grooves, 
i. 80 

Turning pistons, jig for, i. 78 

Universal joints — 
Hardy-Spicer, i. 142 
Layrub, i. 429 

Vacuum — 

and solenoid relay starter 
control, iv. 353 
brakes, Clavton -Dewandre , 
i. 284 

carburettor control, av. 
332, 36 1 

control, distributor, iv. 413 
fuel feed, iv. 243 
ignition control, iv. 257 
operated carburettor, 
theory of, i. 14 


\’'acuuiii “ -Con id. 

relay starter control, iv. 35 1 
switch, Delco-Eemy, iv’. 
353, 360 

switch on manifold, iv^. 36€ 
Vacuum gauge — 

detecting faults with, iv. 
232 

engine tuning, ii. 581, iv. 
217 

fitting to engine, iv. 225 
readings, iv. 229, 305 
testing, ii. 581 ; iv.22i, 305 
use of, ii. 581 ; iv. 221, 
305 
Valve — 
grinding, i. 348 
grinding, pneumatic, i. 362 
guide removal, i, 353 
inserts on Austin, ii. 149 
refacing tool, i. 352 
removal, Alvis, ii. 94 
Valve seat — 
building up, i. 469 
checking concentricity, i. 
359 

cutter, i. 354 
grinding, i. 355 
grinding machine, i. 355 
grinding machine, tmeing 
with diamond, i. 357 
inserts, fitting, i. 389 
inserts, machining recces, i. 
390 

inserts, setting cutter, i. 
389 

inserts, types of, i. 391 
Valve-spring tester, i. 366 
Valves, machine grinding, i. 
349 

V ariable- speed coil testing, 
iv. 216 
Vauxhall — 

rear-axle oil seal, i. 464 
rear springs, iii. 175 
spiral- teeth adjustment, iii. 

173 

Vauxhall, differential .side- 
bearing adjustment, iii. 

174 

Vauxhall Fourteen — 
camshaft details, ii. 485 
carburettor setting, ii. 489 
eliitch, ii. 489 
crankshaft and bearings, ii. 
487 

engine removal, ii. 487 
iiidepeiident suspension i, 
iii. .570 

piston ditneiislons, ii. 4 S3 
radiator and front -wing 
assembly, iii. 567 
radiator test tank, ii. 489 
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Yauxhall Fourteen — Contd. 
rear axle, iii. 573 
section of engine, ii. 480 
thermostat, ii. 490 
timing, ii. 482 
vibration damper, ii. 484 
Vauxhall Light Six, 12, and 
14 h.p. — 
brakes, iii. 180 
carburettor settings, ii. 270 
coimectmg rods and pis- 
tons, ii. 266 

distributor attaciimenb to 
crankcase, iv. 175 
dynamo adjustment, iv. 
170 

gearbox, ii. 270 
main bearings, ii. 268 
rear axle, iii. 176 
valve clearances, ii. 265 
wiring diagram, iv. 172 
Vauxhall 10 — 
carburettor settings, ii. 254 
sparking plugs, iv. 166 
Vauxhall 10 and 12 h.p. — 
camshaft bearing removal, 
ii. 250 

comiecting-rod details, ii. 
246 

crankshaft, ii. 251 
electrical system, iv. 161 
engine, ii. 241 
flywheel ring gear, ii. 251 
flywheel timing template, 
ii. 253 

front plate, ii. 259 
gearbox removal, ii. 254 
independent suspension, iii. 
62, 572 

lamp alignment, iv. 169 
oil.pressui '0 warning device, 
ii. 241 

oil -pump details, ii. 242 
piston fit test, ii. 267 
piston rings, ii. 247 
radiator and front- wiug 
assembly, iii. 567 
rear axle, iii. 170 
rotor position, iv. 167 
starter dr*ive, iv. 105 
steering, iii. 179 
sub-frame removal, iii. 570 
timer, iv. 1 75 
valve details, ii. 244 
valve rockers, ii. 245 
voltage regulatoi*, iv. 102 
v'iiter-puinp, ii. 260 
"wiring diagrams, iv, 172 


VauxhaU25h.p.~- ' 
carburettor settings, ii. 259 
cylinder head, ii. 258 
electrical system, iv. 177 
gearbox, ii. 261 
Harles steering, i. 525 
piston and rings, ii. 257 
rear axle, iii. 181 
rear-axle oil seal, i. 464 
■water-pump, ii. 260 
■wiring diagrams, iv. 176 
Vehicle brake testing, iii. 487 
Vibration dampers, ii. 309 
Viscometer, Redwood, iv, 298 
Voltage control — 
hi-metal action, iv, 342 
diagram, iv. 339 
Voltage controllers, iv. 1 
Voltage controllers, Delco- 
Remy, iv. 181, 193 
Volume control on Zenith 
carburettor, i. 99 

Wakefield lubricating plant, 
iv. 502 

Washing cars, iv. 247 
Water-pump — 

A.E.C., ii. 421, 422, 431 
Dennis, ii. 345 
Grilford-Hera, ii. 237 
Gruy, ii. 135 
Lanchester, ii. 7 0 
Ley land four- cylinder en- 
gine, ii. 522 

Leyland Light Six, ii. 525 
Rover, ii. 287 
Thornyeroft TC/4, ii. 552 
Tillings-Stevens, ii. 119 
Vauxhall, ii. 260, 265 
Welding — 

building up worn parts bv, 
iv. 145 

ca,st iron, i. 466 
crankshafts, i. 415 
cylinder blocks, i. 473 
manifold flange, i. 470 
oxy-aeetylene, iii. 230 ; iv. 
146 

panels, iii. 230, 245 
preheating, i. 469 
setting up cylinder block, 
i. 468 

valve seats, i. 469 
with Sif bronze, i. 473 
Wellworthy piston rings, i. 83 
Wellworthy piston rings — 


Wheel— 

aligiment, cheeking, iii. 291 
centres, checking, iii. 289 
cylinder, Lockheed, i. 240 
Wilson — 

epicyclic gearbox, i. 163 
Wilson gearbox — 
dismantling, i. 175 
locking-bar pegs, i. 184 
operating-rod position, i. 186 
pump, r: 179 • 
reverse gear, i. 185 
side-operating shaft, i. 182 
Window regulators, iii. 270 
Window removal, iii. 270 
Windscreen — 

Alvis, iii. 124 

opening, squaring up, iii. 
243 . 

wipers, iv. 135 
Wings — 

removing dents from, iii. 33 
repair of, iii. 35, 196 
Wiring diagrams — 

Ford, iv. 22 
Hudson 1938, iv. 391 
Hudson 16-9 (1939), iv. 388 
Hudson Six (1939), iv. 389 
Hudson and Terraplane 
(1938),^ iv. 390 
Morris Eight, Series E, iv. 
533 

Morris Ten, Series M, iv. 
634 

reading, iv. 81 
trafficator, iv. 107 
Vauxhall 25 h.p. iv. 176 
Vauxhall 12 and 14 h.p., 
iv. 173 

^Vauxhall Light Six, iv. 174 
Worm-gear differential moun- 
tings, i. 566 
AVozm wheel — - 
adjustments, i. 49 
assemblies, i. 569 
wear, i. 570 

Zenith carburettor— 

diagrammatic! sketch, i. 15 
jet settings of Standard 
cars, i. 104' 

on Vauxhall cars, ii. 254 
on Vauxhall Fourteen, ii. 
489 

servicing, i. 92 
theory of, i. 15 
Ziin piston-ring rornj;)vor, i. 




